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(57) [Rfc] 

*m>a. 

^SStcSPf LTPCR. PTSfcJ^DTSffi&^&^Sti- 

UTSr/tfrPCR, PTS*5<ttfDTSi*»*t5S 
n/cPCR, P T S fc<i: D T S i^iEt ^>/cfe(D^ 

U MPEG- 2iB^tf y hSfc^^Sfc^r^S. 




1 

BWlPCR35P60 2PCR*iW-r4gl» t teiEJW 

1 PCR«r»2 PCR-raSrgS^.-SCitCcfcoT, fffl 

51 hSRrtoPTseowBss&aersaw, 
h y ^ hS£rt©PTS<oraPB^7 oo^y 

#*ait4i*ttc>oT , fePTst*^s^*iare, ** 
cfctf-eft-enR^LfcPT s* h y * ^t/v-tf * fsk 
*oc»AfS8w. **r&c<i:*««frstry hi* 

[»*3S5 ] «*312CcgB«8©*ffiK:*yiiT 1 3 etc, 
5tT5 h SS<Z>«lJi;#££o 30 

52PCR *fH*r 1 ** J: C«& 2 9 s - 

oJt©ia»iL/rsi?fsn4ci*it»<b-i-stf3» has 

[»«3i7 ] l«*3B6CcfBK©^fffitc*ji=iT, SBltr* 
h»j&s»lPTSm t -MB F y y h«S 
**£3«5©l»#, 40 
^1 PTS*>&»2 PTS*«£St*4RB, *5<fctfW 
1 PTS^2 P T S i SSH*f 1 4 C <b S 

[ff^3S8 ] W*«7 WBtt©;frffifc*a>-C, S&2PT 
tr^a-^u— 1> f y v ^^u-ttfto^jBJRsnft:* 
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2 

F y v 5-7\s-\Z~j hSK«r^3#-SSB, 
F y * F Sites* ns^-^MfcKflir* 

PCRttSStTSaHSrWO, ft ft: fc'-r^ 

^-^sa*, loos y^-re^a-^SBEtf) f y v w 

U-t^ F«*tc»A"3-*a«L *S1"4Ci*«F«i 

m^m i i j it*3ig ircndMommcte^x , _me f 

& < £ fe 1 oODifBif y F ±%tt&& 3 ^> 

^1 ? U-AODf^-^-/ 6ti/cM»a 
3©HIH©HK<bLr, »lPTS«t»ttiaB, ** 
^fct/BSI 1 ? l/-A%gLtl»S^< t 1 oCDfi^ 
v^^FK:, »4WcPTS^*t5M, =l:Wf4 

[t»*31 1 2 ] f»3R3B9 tcgB*8(7)*ffiOC*5l,>-C, ±iB h 

±fB h y ^^U-e? Fj*{c**n5PTSt«fflt 
SSB, tect^^^FlfflCD^r. PTSIfflC0BS[a*«7 0 

*05E-rsa», PTSBKDNplffl^AaRStifc^lB* 

{tra^u-A*«or(r^4 h y ^ ^^u-tr^ fsr*« 

[f«*3B l 3 ] IS*3S l 2 ccBBftcD^rSccte^t:, isi» 
W^bPa^ U-A*s, PTS*^WSPES^3» 
h^ct^r h y ^ ^^/U— ^-^SErttc^toS^fcP^ 

i 4 ] mmm i 3 tciBK^fficcteii-c, ^ h 
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v F*#8£TSKW, 

b^^-^u-i- F y tbf^o^AjgW^n/t:* 

-^'_hic f y * ^^u-tr? F«*iE»-r 

^a&jBIRSti/ttfT 5 *^-^*^, 10 0$ yfrrt:? 
* :/u— F y ^ ^^u-ttf^o^&jajRSn/c*— F 

>£4|gffijT£l3|ig, 20 

cRffliss-rian, *?<tc;KPCRiB4»i tr* f 
as*ct»Au 02 f skis* ^sr^ 
c <t <t -r £ tr f^s^s. 

[»*3B 1 8 ] IS^JcXi 1 6 fiCiEi8©*ffiCC*yl»T . ±IE 
02 t> F«E*p\ 0 1 y U-A^gLtl^^< 
1 -?<omMJ*tr y F 4S#, ±fB^«^3 6 CC. 

^ssrBic^K^i it. iiPTSfi^rsgpg, 

02^ vmfi, PTs^t^fii/^^ f*£#, 
±ibf y * FiS(c^*ti*PTs*tfta-r 

*iJ5£*r^iSK, PTsracDffiSFia^^iajRsnAiDsiHi* 
ftm? p-Ai:*bri,^ f y * s^u-ir ? fsk*ss 

[ft*3B2 0 3 1 9CcfE«©*ffi^*yti-C, Sii 

t^ffcFH:? U-Aj&s, PTS^n^PES^7 
FtcJ:^r F y ? ^^u-^-^aftte^bSftfcP:? 
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0 1 ft^fiteck O*02 «F^g§€r^-*. £>-o0 1 KT y 

*2flF#B*»rr -swa:* 1 flp#B**fr*-a«RL 
0 1 flF^B*^ v ~y y tcWS£tz>wm. 
»2«F^!S*7 s a-ytcHi*'i-4SI», *Jctiy c W2W# 

[W3SB2 2] PCR, PTS^fcttDTS^W 

s i oj^o^-^;^ y f *iai«*Kf*«:fa«-r s^ffi 

PCR, PTS^?ctiDTS^m^f-^^ y 
KPJ5£tTy FteJ:^-*^*"* F4IB«8(#fc:gBiST 

[If mM 2 3 ] f»#3g2 2 CCiBttO^ffiCCteliT, £ 6 
CCPCR, PTS^/diDTSl^tl^f-^^ 

^ F6D-en*n^*fur, ttttj^* f^*#&is£ 

^ F<DIB^?£ 0 

[HSS2 4 3 IB*3S2 2 {CiB«cr>^ffitc*jlir, S h 
lC±§Z^-$^!ry F 4 F y ^ ^ — 7 s — ZzfU v 9 

twcK3Furs»Pff, *5«tiy±ffiia3etf sr f* f y 

[ I**® 2 5] Mjy^^-f^ «rffi««ft: tCiBS 

ft«cE»r5S»*^^SC cb^^miT^ f y * 
^ U - 7 s - ^ C7>IE^^ 0 

[f»«3B 2 6 3 t^^^gO F y v 2 y'U-ntLMhfttp 
FSK^SsnS^-^^^-fe^ F^ilJRTS/c^cD^ 

/c^cdi^ FStMiESIsliS, 4flt^"T ^ S b*^ 

cw«a2 73 aa»©F ■/ ^^^u-BMt-^-Fo^r 

ti*i 1 ocoKi^-t- K*tc. ^^^HBtBtJKftsCP^f"- 
^^tbt-fc^(Z>— ffl©-^ ^ F\ 4$cfci^fe— aSCD-^y F 

1 ocDttfT^e- F"*tc, -r^^;UIBti^(*^6^m 
Snfe^-^iS^ttiEL/, F y ^ ^7'U-f-^©MP 



(4) 

5 

[0 0 0 1 ] 
[0002] 

6 cc kt a $ n t s c * jgffl u r ^Ce aj#gr$> 

^Mx-^-X-^ h^«*J:?)— Jl+^cfSfflr-S— o 
<Djj&t LX, Ti~a?m^c%tl,x. f^ZMW^Z 

[0 0 0 3 ] SF£^^fltS (International Standards 
Organization) ti, "tzsZ )l>"r l/K'yg >CC, ^L/tf 

t^i/trf^^-^'uri-^ (vtr) tcwurffiMS 

<DSSSW: I SO MPEG (International Standards 
Organization - Moving Picture Experts Group) ("MPE 

ommtLxmmzti&o MPEGSi©-^©^- 

^a>T*SMPEG-2(i, 1 994^1 1^130 

fb(InformationTechnology - Generic Coding of Movin 
q Pictures and Associated Audio)J iHTSHBRIKSS 

mm-mm^^^-y\ mmu.2 2 2 .o, iso/ 

IEC13818-1 (ISO 13818-1 International St 
andards) &CfBi£3n~C^ 30 
[0 00 4] 

MPEG - 2 bWt<D&m<t<Dtcib<Dzs> $ y Z> 

MPEG-2^^fAlil I S0138 18-1IIS 
ti*fi (ISO 13818-1 International Standards) Klf¥j£ 
3tlT^£ 0 MPEG-2^XfAf(t fSS 3*1 5^ 

^o^'n^^A^u v zmw (pcr) ^^<omucm 
wta&tBP* ^)v-vmmcx^x, r^-#<Disx 

/cfi5Cc^WCC^ffl^n^x>n — ^'(D^X^A^a ? ^ 
CCUDtJSitS/cfe^ttffiSnS. MPEG-2^fA 
Jl«. ^^>f-5/g >^Pa^^>^* (PT 

s) ^stfiifctc, -r^-r^ >wmxz>7' (D 

TS) %^trc<t*s&4. ^n^CDPTSfcctO'DTS 

coffin 3 o o t?»e»nfcp c Rtt©t>^-e*5o 
-e-tieoPTSfccfccjfDTScDffitt. ^n^n, e«;h 
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tcPCR, PTSis^^DTSCDfiti, fa-^ice^ 
hSfe«:iEL/< f3- F3i±, ^Ofl W*tffcr* r-«£CC 

[0005] mpeg— 2 tr ^ r«Mc$$nfcwn«ft 

64C^^S>y««±tC, MP EG-2«fe©— SUi 
l/T, #tc, MPEG-2H PCR 

#\ 1005 u^a^Tti&e&iiciJ&sscTs, 
cct, *<DB$paB^^Patcj:or 

[0 00 6 ] L/c^-^r, MPEGtitt, fcf* rSfc# 

f^rj - k s n^oaa*otc*ss c i streets @ 

tfTC , W x. t£ff-^ 3? ^ 5 > ^<Dg3Rft s as <r 4 ft 

[0 00 7 ] MPEG^ffctf^fcT* hi*JfeSB»^S 
f^SfjUVTRCi, ^-^'±&Cf££fJft^£WU C 
tciiHI^^U-f-J, Tftfc>-5^SI60*5J:O^R 
Oft<£©lo«_k<DVTR r »; ^ ?y'U-mif*- F* 

[0 00 8] — t7* Jitef £fritc F *) v 
^^^tcM P E G - 2 tcl^t ^ J: 5 tc , mz.lt* ti 

-Am** m s ti z> mcjtmmmmt ^?*wft m p e gks 
[0009] & mmvv vzy'u-mi^-btp 

ig^^c^. IBIiLfcPCR, PTSWOTTSfflt 

l>PCR, P T Si5<tC^D T Sftt^ffilEO, Wi«VT 
R^m^ Wten/c-r UfcTS^a >-te? hfti'CDMPEG 

^snf#5MPEG-2ia^et? hm%&$iTz»£*m& 

[0 0 10] U/c^oT, K^tBLfe 



7 

# -r £ straw 4 ^s^rii^-r 4 c t cc * . 
[ooi i ] **iB©flSoawtt, ffl^F y v vy*\s 

5 > yw«**M P E G«ie*c«-&T 4 J: 5 &C $ i* 4^*i£ 
*««T4C£CC*4. 
[0012] 

-f*-***, ?»aiRSftfc wccmpe 

J:n« % — ZTfciPhZt&Zti* F V v 

i'^U^f-^StcMirPCR, PTSfcJ;ffDTS 

Miit, ^-^m^m^^^ F y ^•7'U- 
iEK^fWi^OTifr/cfrPCR, P T S *$£&D T S fit 

[0013] F y ^ ^^"U-tli^ctJCc^-rf^^Sl^ii 
^toPCR, PT S:fecfc^DTSffi£ffiiET4/c^c7) 

U MP E G - FM^i^^OT^S. F 

WA(fc>A^ hirw *^=tc«!:£:St^ F y — 
«WP*fT 5 J88C0SBtt«E«cK: i>Mm pJSET* 4 e 5 

W*.«PCR*5cfcy : PTSa£C!)ii-{5>^^ 

— »Wftra^SJB* s , MPEG-2^(D^^^;HBif 

«w i ^it^tt zmmr 4 fc* cc s n 4 . 

[0014] 

[*?a«ciiis<3D»«] ^*<»r©» 
8ffi»cS2S3ti, ^o^cos«sia^e>K^ai sn4 

t'-v bi&ffi. «^.«M P E G - 2 f - 

aj* 3 tifc £ <b 4 C t Zmm-? 4 /t<&£> 

WiLtf. B^KcDPaSDJtett^ROttff*- F*cc 
51^ 3 4a 4^? l/-AS:auri»5f-$4»li)clt 
t>4 F y Wis— tr ^ FSfrC*>4. 
[0015181 *#ffl-T 4. 0 1 IS, *IS93<£>— 
Wotf^n/ct'ftf-7'U3^^ (VTR) PI 
S§ 1 0 0 ?r^brC^4o $»t'f^f-7'l/a-^ 
[HISS lOOit VT Ri2l^[pIS§<b 0r<Dl»iK<DJfc*$c5* 

x * *fttf B3»@B<D^»»tcttffl S tiff 4 . 
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[0 0 1 6] VTREf»lHl&l 0 0fcfc. mtffl/^ 
a >ft^-^^(Dff-^^^{f-r4/c^C0r>^^ 1 02, 

ESI 0 4tcJc^rffi:&3n47 s S'£.;Ufc^ hSSW, 

tf, ^-^Jb^u-f*— ^jfiffllllBSl 4 4*j«J:0 f F V y 

^7*U-f*-^MiKl 4 2 0DA^CC#fc$^?n4t*T r 

io [0017] f y -j ^^u-^-^ftkaniBS 1 4 2^, 
vtr f y "j%v\s-m^- brews'? &tc&>, -y- 
^u-^-^at^m^ f y wu-^f-zwtfm 

S§1 0 8^J:^r||^f5n?#4^0y i -^dl^t5^CD 

^iiiRlHiss 1 0 8«, f y * #y'v— 7=— ? f t 
L,r#M$n4. IkS^-*^^^ F*W*L. fne 
*tr^ FSKMiESEIBSl 0 9<DAMc^XZ> 0 &,T^m 
20 ^4i5Cc, t» F86«jES@i»l 0 9«*»K«:Seo 
Tttf^U. 3£fiE<£>PCR, PTS^^/f/diDTS 
II^^Ml, */cWF 1/ ^ ^^"1^-7*— ^atRlilK l 
o 8cccfcoTHi7^^n4 f y ^^^v— T-^/^-y F 

iilLWc^PCR, PTSfeiCJf/SfcttDTS 

fp*- KctJtc^-^6R^tti3n4Bgtc k F y ^ 
^f-^«PEG-2Mfc'^ FSiE^fli-rSC i 

[0018] t*^ F«£MjES@»1 0 9$Cj;oTffi^3 
30 n/t^iE3tifc$/c»9f/ctC^3n/cPCR, PTS 

CHBSl 1 0fc^6hSc ^coigssi 1 m 
tt, Ecce^ F^ssns h y ? ^^u-f-^^ 

^#oJ:i^F y ^ 2?u — <?—&zfu v ^Sf^Cc f y 
^fccfcDfECCIsJggl 1 0(CJ: oTfU^^n, 5^-^ 

aiR^ji/^-^u^-y- (mux> i i4co^ia*^x 
^>n4 0 

40 [0 0 19] F U ^^U-^-^fttaiUBSl 4 2 il3 
«JC, y-7^i/-f-^IBB14 4l3: l tf^^ 

4. SdL/t^- Ft*. 7V-5>y*sJ;CfE 
CCIhISSI 160C-^A.6n4 o -^OHISSl 16« 4 Sff 
L/^ct'— ^^^"^ b&S — -?)\s7'ls—y^—$7a v ftp 

^U-C|S0?SiE (ECC) fcTy F«&£-T4o ^-v;L^ 

>^*5cfc^ECCiEllBl 1 OtCcfcoTtH^rSti. f 1 -^ 

50 aiR^u^^'u^-y- (mux) 1 1 4<dsi2a^cc^^ 
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[0 0 2 0 ] s—-?)\si$&zFV y -j ^y'u-f— 

[0 0 2 1 ] 7"-$miRMUX 1 14(t h U v >?7'\s 
1 1 2±<D im<0^y F 1 4 0<DtiLW<Dm%t£ L/T, h 

i 4 otc-^ens h y v z-Jis-r—zzfu * 

4 6«. ^-^SIRMUX 1 1 4*WflPU 1 ffi(D— j> 

£EIg82 1 Ott, lfBO^* F2 1 4, M0ffliE[pIS§2 

1 6 , ^7^^218, fc* v h SSffliESia 
2 16, ^7^V^218 ( tr ^ h SKffliE 

H[USg2 2 0, f^^^VTR^-h 2 2 2 ( *5<fctf-y- 
-«W*^^^2 2 4Mitt / ^ 0 lffl<D^ F 

2 1 4W^f-7*2 1 2<D{iRi*, S^Sfjf^^CCIf 

[0 0 2 3 ] mJtt&ttlZMfifttj:£<DVTR<Dft%lS%: 
H^JftfE*- Ffc<fc.i^ttf^5Sa*7S-r JL--1f F 30 

B£^£r* h7^;^218, t' ^ FiJKIffijESlElK 

+>^wa^^ F2 2 scomt)^j: o^m 0 /c ^ - - jf ^ 

v> FOBBSSli 1>X* 1 jffl©*^^X^>2 2 6CDSj# 
«r«lffl!-r-5CiCCJ:o-C'f*-^2 1 2 Oti^pjgjrr 

[0 0 2 4] f'^d lfflCD-^^ F2 1 4tCctoT|f 
^Wf^Cc-f—^eK^iiSti, K91«iE|5IBS2 1 6 40 
CC#£6n& e -^*6n&*iIE[!]&82 1 6t£ v 

^0ffliElHlS§2 1 6KiorB4^ ? F7-f 

ju* 2 i 8 tc-^i^ns, 

[0 0 2 5 ] B£^er? F 7 -/ JU£2 1 8 fri, tr * F Sfc 
ttf^tCffiffiSnttt^-^^-Jr^ h^c7>t'^ Fife** 50 
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65M^n^ 0 W£^£rv F^;U£2 1 8^cfcoTtH 
*3hfchT* F*tt, $^JKoTaM^b'«; hift 
1«iESIsI!82 2 OtCfltteS*^ -ecDbT^ hSSrttCKtc^? 
SE^PCR, PTSfeJiCf/afcttDTS-B-^^SlBi 
R/t&PCR, PTStocfcff/SWiDTSi 
#£3fc£U fc*;> F*MiES@»2 2 occjc^rUAS 
n&t:'^ F«E#. er* h«EtfiIEBIe|g&2 2 otcew&sn 
6^~^^^> FtCct^Tf^^n^ilD VTRS^ 
- KSifftDMPEG - 2 tl^SPCT, PTS, *s 

<fcc//* /t« d t s m&wmtc&tj j: ^ tc-r 

[0 02 6] e ? F«fl|jE»laia2 2 OCCiorW^fS 

R#- FK:«*&3ft*. ^^/fRL^h'j7^B 
£B>f£=& - F *:frEc 5 /tat), V T RIB® ESS 1 0 0<D F 

y * ^u^-^aJRHBSi o hy-^^i^-f 

1 2±CDi^Sffi3fW;t«F y ^^b-^-^JSlcyif 

So $^wo-HteW^j;nii h y ^^'u-t 5 -^ 
PER-2fiiM^ : -^^<horfa^$ns 0 -r&to^, 

SJBSMP E G - 2 ^M^- ^SS<b L/^Cl%^tH $ 

[0027] c^wm F';^7'b~f-^<h 
<LfecciB»3ft;tPCRffiw\ ^ftaiRsnyts^as 

^PCRffltcMbriEtt!&iSje^4*6tiaJ:5(c, P 
TS^t>'A/diDTSW hV^7*b-f-^i 

[0 02 8 ] MPEG-2tCj:-9t^^>n/cPCRfe 
^C/PTS/DTSWWcaiit.r, VTRfBiililSg 1 0 
0tt v r--^ p _hCCfB»3tiS h y y ^ r/U- f 5 - ^^cf^ 

^S^-^SfS^Lttl^BPff^ft (I -) 
[0029] — ^SfiWtc*5i^r«, h y ^ z-y'v-^- 

U- A, F y ^ ^^'U-fflr : -^O^ffl^:iS^S 0 

[0030] -ecoj: ^anifeWltcteis-ctt, 'f y ^ 5? 

^'U-x- ^jSJRIslBSl 0 B\t, y-^)Wu-r"~~ ^ 
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w-As-foh b y -j fy' I* -y^- b V 

^»r<oiJ«Jb©ffi««ifP^tjf B fie -or. 
mssi o sccjroT^^snfc b v v zy^-f-zm* 
k:$$*i4 i ? u-a&s, -/-^ji/^u-tf* hiiferttc 
f^^- # ©ataxia v #fr*>'mmwt£&gi 

jft (DCT) *BRSr*C t«:<fc-or»*StiA:(S»aB 

h>J-;7Vl/-f- 

- 10 

[0 0 3 1 ] bVv ^"L—SMW, lffiCD^? F 1 4 
[0 0 3 2 ] h »; ^ ^fl^BMW V T RBillBSKlJ: o 
iir^^^VTR4<- h 2 2 2*^ltWi«f3-^ 

fW, S7U-Att ffJ^tftr^^ u-a^tS^Sij© 
-r^/cs6co^^'n-fe^^tcj:or, 7 u - AjCiiHJsU: 

jarffltt. s-^jisW&Mfttpicy u- assist -5/ctf> 

[0 0 3 3 ] b Vv'?7 r U-tp<Di&mQLr £ ^$M&L<Dt& 

t\ cniif^ - 7 7 7 > - 7 n-«l^^ 

[0 0 3 4] aJC3ti-B<t *«W©tf f hSSMiE 
S0882 2 0 ^cd^D - u> :7 y T> # 

- y a - wHics^js-r *a»os«c h^m<onco i oj^ 

cd^ u- A-r- £as3<sS*iS*-C, ^-^^r-T^^-F 40 
L&^cfc5K:Lr^S 0 VTRH^iaS§2 1 OWv b 

7^f3- KU)&l»J:5CC, PTSS/cttDTS 
[0 0 3 5 ] *(D«fc5 3&IS]5feWl«:te^"C«. ^?FSMB 
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SS (PES)' ^"-2rs> F*C4Bt>TifiS£K:^'2r * Ffb?*! 

[0 0 3 6] r^- -r 7r7>^-7a -^Kltf 
&fc#>, te©3M6WCctei>Ttt. b'-y h^lfiE^[HlSS2 
2 0 5*, ^4a*>*55:7 U- Aic^fi^-r^^- ^Botr 

h 'J ^^^"U-^U-A^-^^rfB^-r^o tr^ hilfeffl 
IE3§IhIK 2 2 0 ^rtctji^y ACD^- £ 

states ^^-yccftt&snsjmKtttctts* 
[0037] f-^e>R*fflsn/ch y ^vu-f 

^ffiatcHSfeias^n-s. jk^ f u ^s^»f^©p 

I y U- A£fc&£ I 7 U- AchSMP^ u- AOS 
IH«, ^ U-AtC^J^bTl^-r-^^f--^^^ 

[0 0 3 8 ] IBS^^n^ch^, b V vy'y'v-^<DA^ 

Jl^ftiS^tC, §7l/-A^ltt^Wl7U 

-AJHHr*S h U y ^7'l/-f-^M»^Ci 

ti, MP E G— 2 ti, #7U-ACcStUTx>3- FS 
ni^*PTS*J:^/*W3:DTS^*iL^ 0 
&y\s-M%. ffi*<DPE S'*fr y bPtfCfo 

[0 03 9] UfrU* h'j^^^u-iw^sa^sa 

^fgCC*rS/c«&. PTS*5ct!>*/*fcttDTS«S^ u 
-A*c&**i. u-AtcStfE-rSf^-^ttffl^CDP 

es;^? Ftc^*n*ci^a*bi^ 

[0 04 0] —mMmitte^X *»^CD VT RfSli 
§K1 0 OOty FSSffijESl 0 9t*, f~-^IaIS§2 1 
OtCfEiaStlS F U y ^^"U-^-^SKAS. PTSfcJ: 

[0 04 1 ] VTRWSEiaB^jSO *^«JPRL"r«l 
ffitii*. ^cD[n]5§&3:, ^-^"©F »; ^^7'U--fe^ 



(8) 



13 



n£ F U y ^U-^-^SSo-r-^iiBH*, ^cd^- 
##5*&JK:x>:3- KSn/cfcCDittS^4CiCC3te 10 

[0 04 2 ] ^ - ^^BiSgJ; 0 & 

nfc-y-^-fe * FTO^< 4 ^iE^-^u^u- try 
msn^PCR^tfPTS/DTSfiii. mMw^r: 

U- ACC^tjS-T^T^- X>zi-KStl]fe 
PT Sfc^ffBCttDT S^rr&i*A£C£>PE S^-2r 30 

cntl ADTVfcf^ Hjt{C^L-T^ f 7>F7 , 7^7> 
X (Grand Alii nee fflS) A D T Vtt^tCj: 

[0 04 3 ] ^mm<DV T RfBl»|5|Bg 1 0 0 <D tf * h % 
ffiESsIilSS 1 0 9*sJ;l?VTR|}iiB2 1 OtDfcT* F 

So 

[0 04 4] er-*jgJR|BigSi 0 SCC^^-C^-^U^ 40 

iHlRO/cSL F'J^^U-f-^ii, MPEG-2I 

tftESEIffi 1 0 9K£oT. VTRISiilHlKl 0 OCCfe 

Sn, MJ^7'l/-f-^(DMPEG-2S^t'7F 

1 0 8( f C£~>X&jj$tl& F V y d^u-fe^-Sr? F * 

PCR<-X= PCRI/3 0 0 



«fB8¥9 - 1 2 1 3 2 2 
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* <DM^ y F *GCjf A ?n^ a t'»;h SHSIESIhISS 1 0 

tf, ^n^^-^i'^u-iM^tc^furx^n- fs 

FSti, paiOW^ttf^tc-rn- F3*i4?cg>, MP 

oBiRsnfc f u *j &rf\s-mtt- FtDSJta^-r 5 -^ 

[0 046] S6tc, PCRit M^il PCRBOf 

{ctShffi. ^cDPCRtJ, 27MHz^n^j|^ 
t'^ hx^Xr>^3>«ti Lt ( 3 3b'. 

S. 9h v ^PCRi^^r>^3>(i0^62 9 9 S 
T?<Dffi£f3^f#S#L 33^vhPCR^-X»0^e 
8, 5 8 9, 9 3 4, 5 9 1 $-CCD<5fn^<D-ffi*J*%f# 
9e7Fx^f»3>ii ( 27MHzi^XfA 
^D^^CDjaS8S0C*t»Sn, 2 9 9<DffiCtjSU/cf*y 
■fe^ h?n^ 0 3 3 h^-^H 9t'^x^f 

8 9, 9 3 4, 5 9 \<Dm^mtMl>tcm-&Vi£<fcte 

So 

[0 04 7 ] PCR<-XfcJ:C> r PCRx^X7'»3 
PCRtCOl^TOffflCO/iiis&ft-^PCRffitcJB^ 

?nf#s 0 cnti, pcr^-^(c3 0 0%»w, pc 

Rx^f>^ 3 ffi«t^C<!:^J:^Tltf5ni) D 
[0048] PCRI-PCR^-^*300+PCR 

**WCC<fcor, PCRffi#*8, 5 8 9, 9 3 
4, 5 9 1 *3 0 0 + 2 9 9fi< ^TSil^fW 
IR-C, 31»cr>8t*3&s^fStiS a k LP CRM 

ifiS, 5 8 9. 9 3 4, 5 9 1 * 30 0+ 2 99^5>*| 

pcRffl^, try hSrttx>3 - F-r-s/t*. pcr 

^-XRVx^^^>^3>4>^:i»K:S!f|l3tif#S. P 
CR<-X^ PC RIB* 3 0 Oxm^O, /JMRj^JMT* 
*iUfi»«:T4CiK:j:ortH»Sh4. PC 
Rx^*^>^a>fci:, PCRfit^3 0 orWoWSO 
"CAS. 
[0 04 9 ] 

(«») 



P CRx^^r>y 3 > = PCRfB/3 0 0©^^ 
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= P 

HBKc. PCRIMiSt^DMPCRI 

[0 0 5 0] ^aWllRShfcF V * ^^U-Wifp*- F 
n/c F y y 9 7\s—*hftfcte\<*xW&WD b y * 
/c^0 6ti^c $e-3t, hU ^ W\s — f-%<D^>Tv b 
-$j*Jry FH<Dy-£M/^aWS4R3nft:F y 
1 0 OmsWiWc'i^^ it ng^^-^sp 

^misfasft* f y v r-^i <fc*>cc 

^n^pCR h y ^ ^" u-^i^is^^aij f 

[0 0 5 1 ] — HJ*WCC*5l>T\ t* y hSKffliES 109 
tt. «Fje©»ff*- F^cx-££^-^c|^T£ 

^-^ajREiiES i o 8ici5^r^$nsf-^i 

tr ? hastffiiEg i o 9iaoTPCR^45n, 

fcf* FSfccfifrCjf ^-dfiffitptCPCR^JfAS 
* fig <h lEJStai— U Tj&XDX* P C R fctaBR 3 titc 

^■CiE«ICc^sn#ASn«cl^, htKW^cccai^ 

[o o 5 2 ] ^(OJ^^^mMmacte^x^ tt y FiSffl 
JE^aSSl 0 9Cc«fcoT«£3n/c*n^n#rLC>PC 

[0 0 5 3 ] ^-CDPCRffit 33t^h*«J>^'^ 
7^'9e?hi^^f>V3>OP(*St. PCRfil 
2 7MHzMrt§^t^ 0 ffi-^-C, FU?£!5£ 

^mm&^n\htixi,^m^at. pcri^i+s? 

nf£& 0 PGR, &tfPCR 2 RB<Df#PJ;*^> 

^ri-^c^^n-sjastccfcorsjen/c, pc 

R. SS> J PCR 2 racDt*^ hfifel^c7>-r-^fi"C*)So P 

*>£ 0 tot, h^©isaaia«:j:or«i6nfc 
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CRffi-PCR^-^x3 0 0 

PCR, h»<S©2 7,00 0,0 0 

0 77^PC R^rtPfcfWStiWS. 
[0 054] PCR J = PCR,+ (PCR!^©^^ 
h/fs^affi) X27,OO0,OOO 

MPEG- 2 GCteUT, PCR«, 2 o® P C R HH<D # 
10 0 5 y#<fc«3'h$ < 3te 4 <fc 5 tcMi$B 
£n& 0 ffior, iEflBttPCR**^*. 5'Jco*ffi 

io <ox^^>in^B = Tx$^ijajg </s^ f/#> ^ncsa* 

ifrsns't?**) 5. PCRt^^ * f^? ^tc*5 0^-cx 
>3-Fsnsor, *njisacDPCR3&>e>jEni«:B 

i>. iSFffc&PCRfi&i, Kaat^rtifen/cBCD*^^^ 

Y 7,0 00,0 0 0±i^/l^fg^^XlBPCR 

f77XP = TX2 7,0 0 0,0 00^^ o 
20 [0 0 5 5] PCR^PCR.+ P ( B/$£MM&<D& 

F ) X 27 ,000, 000 

JiMiCD j: 5 tc v ? F ffiffilESi 109H — JlSfeWc fc 
tvCW:, Shy? ^^U-^- AiSff - P E S 
7>"dry FcftC^'y*>^-r4«**-J"So §PE S^tr 
vKl PES^-^WPTS^ ffiStCttDT 

y > ^'u-^— wasted* ntt^c iK«c6. ^©<t 
^a-sr-^-c^. f y ^ ^^"u-^-^sit^rtSiJ*^^ 

f-^DTSffiO^StfiC^tt. PES^7^ 
30 SftS^grtSfcrC*, 

[0 0 5 6] ^-^ecgasasnxc^ f y * ^u-t* 

-c&£ 0 S£ot, m&oy U-AIP^^ U-A i tcS*T 
-5 fcTy F SaWiESIslBS 1 0 9{c±5PTSffi<D»»i, 

[0 0 5 7 ] PTS^PTSi.^ («J*B*W^U-A 
) x 9 0 k H z 
40 CCtPTS,{l ^SECD^ U — A, 7U-Ai 

f-»(ctfLT^Sti4PTSil, PTSi.,11 
Rtor^-ftcJtLrfSStSnSPTSffl, «»«fIB^ 

[0058] 7^~#fox<Dmm&^m&mmZfj5± 
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-Ag^) cct, N^t*. ^u-a^^hs 

[0 0 5 9 ] 7 Ix-A^atDfiSJ^BJHCcStT-SJbStC 

[0 0 6 0 ] PTS^PTSi.^ (Ni.tX^b-A 
»3P5) x 9 0 kHz 

^aWSfRStifc F V y ^S^tt^- Ftp© f y ^ ^r?* 
E3RiS^ttttl»»^K:kJ: k F U y U-A(D{£ 

ebb #4 .2 5^ u-Ajtapa-cfti*^, &mtz>47 

u-ACJ. fcf ^ HSE**iESIllB8 1 0 QfrCcfc-orx^n- 
7 = 4.2 5 7U-A*!lffl 
[0 0 6 1] JiBO^mc^^T, *»Kd>VTRIB» 



(10) - 1 2 1 3 2 2 
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-WffcD^ziriwwsnfc^ajoia*^, f y * 

V?\s-m^fcT-7'frhWi2h'tt'£tlZ>£, MPEG 

- 2 tr v F ifeW&T £ t £ tc & 5„ 

[0 06 2] g-T, VTRB^HS§2 1 0©t'7 hlMffi 

iEnmsso 220 <D»f^ccoiiTitt?f -r*o > u * * ^ 
ti, suffsnsi*, zuvttmm cpcr) &m$m 

10 So -eo^ ^t§^\ VTRt£, f-^68*fflsn 
/cFy-^^^f-^*, tr* F«SfiiE«&2 2 OK* 

[0 06 3] #d?L«. 1 Sf&CD^-^-rl/ilft F y v^W 

iS»^c»LriB»snfcey FiS£**«rr a. f y * 
©r, mjj^—zm&te. f y ^ ^*u— mstwrnsL-c 
5jgjB^n^^tr*o, 3^0, 1 8 tiKitirf a p * ^ F y 

* ^r/u-iSSfcTSftis&K:. ^R«. 1 8@JBi*)iM 

1 8 {g&mZLWifttpoi-r- ( d 

Ri.) W\ 



D Ri B — 2 5 t/D y 9/xi v F x ( 3 7 6;>V h/5 50 x 

1 5 0H(E/#x 1 8 3K/ 1 8^ilU 
= 2 8 2 *n/*>f F/# 
1 5 0IUI£/#<D|pie»K. f^5(P?)»*tH.SnS5 ^ti&^fe(Di<S^r*o 

^P^^StC3 7 6^V FcSO^-^felRje-rSitfe 30 [ 0 0 6 4 ] 8 . 5 {§ F U * ^W^ttfEfcltet >~C\ -r- 

1 S^fi^ttf^CC^^-^^^^^eM^aS^ [0 0 6 5] 

DR 8ii -25 :/a ? ^/p ? F x (37 6>>W F/5 ? £0 x 
1 5 0 03£/*J>x 8 . 5 iES/ 1 8 m&ly 
- 1 3 3.1 6 67 ^P^V F/# 



-^aKcc*furji>a- F'sn/cf'-^jSK^tfctCcfc 

[0 0 6 6 ] ffllEPCR, =PCR, x [x>n-F'S*a . 

tc f u v ^^u-a«/*is© f y y^^u-as) 



So 

[0 06 7] tiiEPCR, - PCR.X18/8.5 
- zftif> 6 ^ ffi 3 to tc P C R m t» 6 ISiE P C R ffi * It 

l^Xtffc^PCR^^a^n, 3 3tT^F^^>^S^ 
9 My Fx^XT~>v- 3 >^|gSir-rSo ^J;Vc:II 
Wtcfct^r^, bTsr F8fc : I«iESIgIK2 2 0^, ^-7'3&> 
^^tti^n/c F U ^ ^yu-f-^S^PCRI:, 
3 3t'-; F^^>^S:0'9 tf ^ Fx^Xf>^>3>^, 

m^ti 0 om s i-cKtin^^jajRstifcraw-c 

it- > ^* y > {ft 4 C <b J: o T f# 6ti Sffl«r«8S-r s . 

[0068] ^-^e^-^^R^msnsiiKcDa 



(XL) 
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^PTS, DT Sffi^oi>Tfci5t§£:-^x.£o Wi^, 

x i 8/8 .5) (Dummzm-r&o efoT, pts 

[00B9]ffiPTS 1 =PTS i x= 0>n-K3 

n/c h y v 2 7\s-mBL/9m<D b y ? ^u-juk) 
KsniB»sn, msec 8 .5fBars*sns»^ 

[0 0 7 0] PTS 1 ffiiE=PTS 1 x 1 8/8 .5 

cfc 5 ttX^r - y > ^BP^«IE«f£©««iEP TSI 

sfpjis^ t&ip-^-^i^w^u-a si^h* a * 

[0 0 7 1 ]^ 

= 0 

PT S*iIE=PTSK^x (x>3-FSh/chy^ 

y'i--mm/myg<D b y * s^u-as;) 

PTS»BE = SHKW CPTSWjE/^u-aJBM) 

u-ajbhi 

=^0+PTS«IE-PTS||l 30 
feU («f5>7U-AJHia) fcfctf. 
P T S SDSS = P T S PIS + V U - AS!^ 

&<D P T S VCtt It » *) iir 0 

[0072] hy^ ^i?£bmw, h y * # y m u—r- 

Ir^RrjHTShii, «Atf, ±iJM>#iS-C, PTR 
R^PTSH©lfflH^aE3n-2»/cWj:< , J: 5 

tc # <y 5 > yft ^ opbIF! s n £ . 

[0 0 7 3] PCR^ -r- ^_btcia©$n4«fc 40 

5Ccx>n- FSn/cB$tc l 0 0 5 y#fflFBTgS3*rc 

#£R#HdTStCcfcoT*CDWra (duration) ^ 
S< T4C<fc^J:C3, MPEG-2«tS*ftttv bfit 

tin <v yju- >Tn|K*fieffl-r & ir r3 - yfitBCcKI^-r 
6W»&^;t&. MPEG-2J^BHK»ffl#hy*^ 

WfcWcfe t vc tt, tr ? h Hstt JESSR 2 2 0 *s»?fc«c 

hSh'J s^^U-^-^ftcpKiWAU PCR 50 



ftHJ^Q- 12 1322 
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[0 0 7 4] tdXfc^Cta^Tte:* PCRA-^ry 

CRttft^WSMPEG - 2f^^^ h€r#flS-r 

[0 07 5] MPEG-2CCjft^-Si±S/c8i)tr^ riS* 
tcSA^^Sr^PCR/^7 htt, ^TOD/^^ h 
MD-F (payload) «rJStfc"r <fc 5 &Cf£3k L/c P C R 

[0 07 6] ^PCR/^7 b*bV v ^U-t* 

©tB*H4H-TKjH3n£IK?K MPEG- 2 PCRfl 

tcfj:PCR^irvb(OWKl<Dm^tLX. P(gpPCR£: 

[0 07 7] J& VTRW^I3SS2 lO^o 

Tm?j2fl2> b y v ^"^'U-T r — »iSCCtS, JOl< <NUL 

<D7=-#iSJK*^j3^iAt*. -£CD«fc5&»^ MPEG 
BIWl^*»je3l±*/£*CCWJD3iiSPCR^^^ h 
fcf, « tT v h S£1«IE^I|pIF§ 2 2 0 tCj:-ot, 3 

[0 07 8] PCRPfl<^«lWJK:M^r, MPEGttPT 
SfflCC»LTa«©rHBHI**Wr4 B BP^, PTSI 

tf^ hi3Srt-c*k^:7 0 0 ^ y«?©ffiBtrBi3nSo 

[0 0 7 9] X^-^CD^B#p^^D^ 

^snn^br, mpe GjqjwrofSS* 3 * ne> <Dt4ft6 
^*d^ bf3^- ^^^ft •> h^f^n-^-rs/c^ 

[0080] feL, MPEG PTSPJPBWWJ^iKaS 

[008 1 ] *mw<D—mmmt<c<kn&, ^©pts 
peg p t s^raBss**i»fir sfc»eca«jft p 

TS^t^IIP7L/-AiltM$ni>o CCD*I 
[0 0 8 2] ^5-PES^v hOffACCct-or, ^ 



(12) 
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ttftfcf, #5-PE S'^v h*JfA0r4>PCR*W 
[0 0 8 3 ] ^5-PESA>T7 h©«£S:IB!J£K:T& 

ic^zfttcmfrftLmms*:') (rom) ^m-f^n 

!f»*s*SW, ROMfCiBffiSft/c#5~PE S^-Sr io 

[0 0 8 4 ] c oiSfflccfeci-cffliE^^ y to-en^n 

[0 0 8 5 ] £BfflK:*f-l/"C, 2o<DStt43U6«IOft 
-^^K^aStiSPCRflaWffliE. W 

ftcoa-KW:, bf^y hSSMlESCclDllScfco-CPCR^'i; 

>*a*fl6/BSft* iBrfcttPCRfflSr^L. 

8f - ^3(p ^H^ffl 3 nfe P C RfiSrSt * h U y^y' 

[0 0 8 6 ] ®2<DHSfiWc*jl^r, fcfv h S£?iIE3s[§I 
B2 2 0 <DA*«C«I&3 ti-S P C Rfili, <bl,$>Z>t-f 

S2©Slt6Wi, PCR*Sfcf!y h8EffliESiaH2 2 OtC 

[0 0 8 7] 2 ocDSttS^QfiWtte^T. h U 

hifc£?fiE~r£ft:#>, 2o©S&4*»WT*»MOtf 
y hi«MiE«H8S2 2 OtcioTSSIfgn* tr? 

[0 0 8 8] Pa&QCDtTy h»MiE— I5»ffll 

R) tt&K 40 

>^«»=x>=i- KSnft:TPiKK/l3BC?) 

TPM^ 

389 = 0 

PCR=*^-y> y <%§k xPCRiC 

fcU (*«PCR«ai 0 0ms ) TftWhttPCR 

*f**3*;tett^4r* h£J¥A 50 



^^F9 - 1 2 1 3 2 2 
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r i f J ^7 

feO, F*spTS4tt?) ft&tf 

*ffctt PTS = ^^'J> ^MXP T S 
BB»0ft:PTS= (SPf/fc&PTS/^U-ASBFH) J: 0 

£|3 = 3S9+£FrPTS+iffIPTS 

feu, (jss^L'-ajbhi) afctf 
r i f j »t 

RSPTS=iBSPTS 

fcU (***PTSJ£tf*7 0 0ms) r&WtitfPTS 

[0 0 8 9] r i f j mr 

r f o r j **t 
r i f j mi 



PCR*j$o»f^* F-£f¥A 

PT Sf¥ffl = PCR + SI 1 HMRcoWfflSigS^WW^t 

fcU (^^PCRJ^fgl 00ms) £r£fc£3iPCR;*7 

r i f J 3^7 

«>U {'iirv F^PTS^tf) 
PTS = 1PTS f¥ffiCCf£;E 
r i f j »T 

'feU (S^PTS«S7 0 0ms) &J=>«PTS4J3 

[0090] r i f j 

[0 0 9 1 ] PCR*7^>#£fg#r 
PTS8¥fl6*Jg*f 
r f o r J »T 

CCt, ±1B»C3[>=3- FOcfcl^T, gfPTS-r-7> 
6S^tH3nSPTS«:X-5r-y >mci^J;ot 
ItH S ti 5 »iE P T S ©18 0 . 
[0 0 9 2] ilPTS -7 U-ASIRBCCA&J: 9tC U 

riM^^n/cffiiEPTS 

PCR#$>*t^fc-BH*fr£<!: ITPCRM^ 
CD^SM P E G - 2 PC Rffi&tS^-r*»fls«3i:fo 

To 

[0093] PTsmm&pmut-mi ? u-asss 
-^a5fc«>. m»«Fin*«tor, ptsii^cdb^FbI 

iBS. 

[0 09 5] PCRcDMSfr-2 7MH z -^^CDMiJ 



(13) 
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[0 0 9 6 ] PTSCDHUr- 9 OKHz 

-r. 

[0 0 9 7 ] #RL/ttfPO»^c*5^5e * MAfiBIEg 

*i£fc£<EH£S*rS.' PCR, PTSR£>*DTS<DfH& 
[0 0 9 8 ] h ^ ^ 2 1 8 ^^Cffl^iA^ 

[0099] &mft*tcm&mzti&mjifam&tttL 

*>6K#ai3ftfcPCR*0!l*.tf, M^i^27MHz 

ttPCRfflissrjft^sc: ttc<fc-orfftons. 

ilt, SfPCRCi, T^cDPCR^-Pj^^W^cD^f 
^aSERtfSBfif 5 - *«K2£-3i>T»t# 3 ft* i ^ 

- #tcm 6 ft & P C R Pfl(Dl»# & RMS*i^T U 4> £ 
[0100] ifc, iBWSBWPCcttfflSn*^-*^ 

[0101 ] '#fMJ3<fc>— HjS6#ttc*5l*TfcJ:. fI07'U 
-OPTStt, ^SffllriTtf^ h*MiE»|5|BS2 2 0 

[0102] PTSfiiEi = PTStBjE,.i+ (PTSIB 
u.-PTSIBi.J 

CCTPTSMIEitt. «*PTSffl©->— 5r>^F*30 
i#B<DPTSffiOD*iBIEPTSffi, PTSMjEi.,^ 
^PTSfilC7)>/--ir>XCD i ^acDPTSfB&C^fT 
SPTSODtiiEPTSfil CCt, PTSIBt_ 2 R^P 
TSa.^J, t~ — y'fabWzfcliU tltc i j@C> PT Sfl 

<ois~ 5r>^tcfewa, -eft^ft ( i - 2 ) so j < i - 

1) fflOPTSffltcSFttE-r-5. 

[0103] ttf^oD^cciBedn^i^-^^fle 50 
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ffl-r us^s&^tc p c RRcfp t s mzmiE-? 

- 6 S^tti 3 ft/c P C Rffl % tjfiET & & <DT? * CD . 

[0 10 4] PBSUOtfy 1-^ffiIE-^feWl 
PCR^»)>^^Wt 

TPi£g 
£19 = 0 

IP T S = P C R + ^ h£#A 

PTsaa=pcR+7 u-^coati *mmt 

P C R = ftftP C R + «RP C RKf*©f - fl/f - 
fcU (MPCRHSl 0 0ms) tftl-tnHPCR 
r 1 f J £r#ST 

*>U, (^'^ h£5PTS£:$tr) #61* 

SfPTS=^^- l J>y«xPTS 

9BfiPTS= (SffPT S/7 U-AWPal) x^U-Aftg 

£19 = g|9+frPTS -ilPTS 
ilPTS =HSPTS+7U-AMffl 

r i f j £f£T 

5l!PTS=S**ijfrPTS+IBPTS2 -IBPTS 1 
IBPTS =IBPTS 1 
IBPTS 1 -fJKgPTS 
PTS-IPTS^S 

*>U (t«PTSKg7 00ms) TttttfttfPTS 
[0105] T i f j £J£T 
r f o r j ZlfeT 

feU (HftPCRKftl 0 0ms) tc&«3»fiE<DPC 
r i f j £^7 

r i f j £l£7 



(14) 
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r f o r J «r»T 

ccr, ±ib»©=»- Fcc*?(,»t:i»PTSfiJffl^fc-a!*a 

£©{6. i y a*^^ — ytcas*/ca«>cci^s 
& jiSR* la test jst a anofijJB^ b. 

[0106] IBPTS 1 - C.<Vgem±. 5feff-Ti» 
u - a * 7 s ^ - ^ c jM £ fc #> co m a B$ m 4 ^ O 5 1 C fe 

[0107] gascjcpfcfotptf y hagffijE— mmmi 
[0108] *j**o iRS-r^. 

[0 10 9]#^vKc^r, «T4^0iET o 
[0 1 1 0 ] feU rttrv F^PCR^n^^6 
« v PCR4 (^-'J>»xPCR) £fSK£T 

[0111] feU F^PCR^f. S^fCD 

PCR^6 10 0msfIIiri^^6il PCRKlfr 

[0112] feU >*trv F^PTS^tt^^e 

\t. ifPTs^ (^^->;>^««xpts) iaase 

+ frPTS -ffiJEPTS) t&feU, feU «**S7l/ 
-A^£Ji|5I5tt6«, tiiEPTS^, (SiEPTS 
+ 7 U-Affiflffl) iR^U, SJ^4, <*Js^ — 7 1^- 
AB$[ffl) iSSL/, ^PTS^iiEPTSit^t 

[0113] feU F^PTS*^*f, ^frcD 30 

5-? U-A£^& 0 
[0114] ^*<ir^ h&m&Th 0 

[0115] mm*) <d?c&<d¥ ? vmmjE— fgamz 
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1. Title of Invention 



METHODS FOR MONITORING AND MODXFYI2TQ A TRXCK PLAY DATA 
STREAM TO INSURE MPEQ COMPLIANCE 



2. Claims 

1 . A method of processing a bitstreara comprising the steps 
of: 

receiving a first bitstream including video data, 
tlie video data including first PCRs; 

reading the first PCRs included in the first 

bitstream; 

calculating second PCRs from the first PCRs; and 
generating a trick play bitstream from the first 
bitstream by replacing the first PCRs with the second PCRs. 

2. The method o£ claim l r further comprising nne steps of: 
determining the spacing of PTSs in the trick play 
bitstream as a function, of clisplay time, where display time 
corresponds to the time used to display data in the trick 
play bitstream; 

generating a PTS whenever the spacing of PT3s in 
the trick play bitstream exceeds 700 ms ; and 

inserting each generated PTS into the trick play 

bitotream. 

3, The method of claim 2, 

wherein the generated PTS is included in a dummy 
PES packet . 

i 
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4: The method of claim 3, further comprising the steps of; 

recording the trick play bitstream on a tape in 
tape locations from which data is read during trick play- 
operation of a playback device. 

S. The method of claim 2, further comprising the steps of: 
generating the first bitstream by reading data 

from a tape; and 

supplying the trick play bitstream to a video 

decoder . 

S. The method of claim l, 

wherein the first bitstream was encoded to be 
displayed at a first data rate and the trick play bitstream 
is to be displayed at a second data rate, and 

wherein the step of calculating the second PCRs 
from the first PCRs is performed as a function of the ratio 
of the first and second data rates . 

7 . The method of claim S , 

wherein the first bitstream includes first PTSs; 

and 

wherein the ' step of generating the trick play 
bitstream includes the steps of: 

generating second PTSs from the first PTSs; and 
replacing the first PTSs with the second PTSs . 
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8. The method of claim 7, wherein the second PTSs are 
generated as a function of the ratio of the first and second 
data rates . 

5 9. A method of processing a bitstream comprising the steps 

of: 

receiving a normal play bitstream including video 

data ; 

generating a trick play bitstream by selecting a 
10 subset of the video data included in the normal play 

bitstream for use during a preselected mode of video player 
trick play operation; 

monitoring the amount cf data included in the 
trick play bitstream; 
15 generating a PCR value each time the amount of 

data included in the trick play bitstream approximates a- 
preselected amount of video data, the preselected amount of 
video data representing the maximum amount of data that can 
be transferred to a decoder during the preselected mode of 
video player trick play operation in a 100 ma time period. 
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10. The method of claim 9, wherein the method further 
comprises the steps of: 

driving a 33 bit counter as a function of a 27 MHz 
25 clock signal; ~ 

generating the PCR value as a function of the 
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value stored in the 33 bit counter; and 

inserting the PCR value into the trick play 

bit stream . 

5 li. The method of claim 9, wherein the trick play bitstream 

includes at least one transport packet representing- a first 
frame, the method further comprising the steps of: 

generating a first PTS value as a function of an 
estimated delay period associated with decoding the first 
10 frame; and 

including the generated PTS value in the at least 
one transport packet representing the first frame. 

12. The method of claim 9, wherein the trick play bitstream 
15 includes transport packets which include a PTS, the method 

further comprising the steps of; . 

detecting PTSs included in the trick play 

bitstream; 

determining- if the time period between PTSs , in 
20 terms of display time, exceeds a preselected time period 

leas than or equal to 700 ms; and 

upon determining that the time period between PTSs 
exceeds the preselected time period, generating and 
inserting into the trick play bitstream data including a PTS 
!5 and representing a transparent inter-coded frame. 
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13. The method of claim 12, wherein the transparent inter- 
coded frame is a P- frame represented in the trick play data 
stream by a PES packet including the PTS. 

14. The method of claim 13, further comprising the step of: 

recording the trick play bitstream on a tape in 
locations from which data is read during the preselected 
mode of video player trick play operation. 



10. 15. 



Of; 



The method of claim 9, further comprising the step 



generating a series of identification bits that 
identify transport packets that include PTS values; and 

recording the identification bits and the 
15 transport packets which include PTS values on a tape in 

locations from which data is read during the preselected- 
mode of video player trick play operation. 



16. A video playback method comprising the steps of: 

generating a first bitstream by reading data from 
a data storage device ; 

receiving the first bitstream and measuring the 
amount of received data; 

generating a PCR value each time the amount of 
received data approximates "a preselected amount of video 
data, the preselected amount of video data representing the 
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maximum amount of data that can be transferred to a decoder 
during a preselected mode of playback device operation in a 
100 ms time period. 

S 17. The method of claim 16, wherein the method further 

comprises the steps of; 

driving a 33 bit counter as a function of a 27 MHz 
clock signal ? 

generating the PCR value as a function of the 
10 value stored in the 33 bit counter; and 

inserting the PCR value into the first bitstream 
to generate a second bitstream. 

18. The method of claim 15 , wherein the second bitstream 
15 includes at least one transport packet representing a first 

frame, the method further comprising the steps of: 

generating a first J?TS value as a function of an 
estimated delay period associated with decoding the first 
frame ; and 

20 including the generated PTS value in. one of the at 

least one transport packet, 

19. The method of claim 16, wherein the second bitstream 
includes transport packets including PTSs , the method 

25 further comprising the steps of: 

detecting the PTSs included in the trick play 
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bitetream; 

determining if the time period between PTSs , in 
terms of display time, exceeds a preselected time period 
less than or equal to 700 ras ; and 
5 upon determining that the time period between PTSs 

exceeds the preselected time period, generating and 
inserting into the trick play bitstream data, including a 
PTS, representing a transparent inter-coded frame. 

10 20 • Ths method of claim 19, wherein the transparent inter- 

coded frame is a P-frame represented in the trick play data 
stream by a PES packet including a PTS. 

21. The method of claim 16, 
15 wherein the first bitstream includes a first 

codeword and a second codeword, the first and second 
codewords corresponding to different portions of an intra - 
coded frame ; 

wherein the step of receiving the first bitstream 
and measuring the amount of data received includes the steps 
of: 

receiving the first codeword prior to receiving 
the second codeword; 

storing the first codeword in a buffer; 
outputting the second codeword to a decoder; and 
outputting tn « first codeword stored in the buffer- 
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to the decoder after oucputting the second 
codeword . 

22. A method of recording data packets on a storage medium, 
one or more of the data packets including PCR, Prs or DTS 
values, the method comprising the steps of: 

generating a series of identification bits that 
identify the data packets that include PGR, PTS or DTS 
values ; and 

recording the identification bits and the data 
packets on the storage medium. 

23. The method of claim 22, further comprising the steps 
of: 

generating an extra packet header for each of the 
data packets which incLude PCR, PTS or DTS values; and 

including the identification bits in the extra 
packet headers. 

24. The method of claim 22, further comprising the step of; 

arranging the data packets into trick play data 
blocks ; and 

including the identification bits in a trick play 
data block header. 



25. 



A method of recording trick play data on a storage 
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medium including the steps of : 

generating information identifying the data rate 
tor which the trie, play data was encoded fco ^ 

at ; and 

recording the trick pl ay da ta on the stQrage 
medium; and - 

recording the generated information as auxiliary 
data on the storage medium. 

10 26. a video device, comprising: 

a data selection circuic for selecting a su±)set ^ 

data included in an MPEG -2 compliant normal pl ay bitstream 

" dUrln9 VidS ° dSVi - txiofc play p layback operation . 

and 



15 



20 



25 



bitstream corrector circuit means coupled to the 
data selection circuit, for modifying the selected subset of 
d-a to generate an mp EG - 2 compliant bitstream of ^ ^ 



27. A ^ideo playback device, comprising: 

- set of heads for reading data from a digital 
—age medium during any one of a pl urality o£ ^ 
modes of operation; an d 



■ corrector circult , coupled to che 

« I— for rodifying . s - cre ,„ of aata ^ 
- seo „ 3 c medl „ m auring o ^ of ^ 
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play modes of operation to generate an MPEG -2 compliant: 
stream of crick play data. 



Detailed Description of Invention 
Field of the invention 

The present invention is directed to video recording and 
playback devices and, more particularly, to methods for 
insuring that a trick play data stream, e.g., a stream of 
data used for fast forward or reverse playback operation, 
complies with preselected data standards. 

Background of the Invention 

The use of digital , as opposed to analog signals, for 
television broadcasts and the transmission of other types of 
video and audio signals has been proposed as a way of 
allowing improved picture quality and more efficient use of 
spectral bandwidth over that currently possible using analog 
NTSC television signals. 

The International Standards Organization has set a standard 
for video data compression for generating a compressed 
digital data stream that is expected to be used for digital 
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television and with digital video tape recorders (VTR's) . 
This standard is referred to as the ISO MPEG (International 
Standards Organization - Moving Picture Experts Group) 

("MPEG") standard. One version of the MPEG standard, MPEG- 
2, is described in the International Standards Organization 
- Moving Picture Experts Group., Recommendation H. 222.0, 
ISO/IEC 13818-1 "Information Technology - Generic Coding Of 
Moving Pictures and Associated Audio" dated Nov. 13, 1994, 

("the ISO 13818-1 International Standard") hereby expressly 
incorporated by reference . 

The MPEG-2 Systems layer, which is the syntax and semantics 
for the transport packet ization and multiplexing of an MPEG— 
2 bit stream, also referred to as a data stream, is described 
in detail in the ISO 13818-1 International Standard. The 
MPEG-2 systems layer carries within it a program clock 
reference (PCR) of the system clock for each program in a 
multiplex of programs being transmitted. The PCRs are used, 
e.g., at decoding time, e.g., by a phase locked loop circuit 
to synchronize a decoder system clock to the system clock of 
an encoder originally used to generate the bitstream being 
decoded. The MPEG-2 systems layer also includes a 
presentation time stamp (PTS) and may include a decoding 
time stamp (DTS) . The PTS and DTS values are samples of the 
PCR value divided by 3 00. The PTS and DTS values indicate 
the time at which a particular frame represented by data in 
the bitstream is to be displayed or decoded / respectively. 
The PCR , PTS and DTS values included in a bitstream allow a 
decoder to correctly decode the bitstream thereafter display 
the video and/or audio of, e.g., a television program 
represented by the bitstream. 

A.s part of the MPEG-2 standard, constraints are placed on 
the timing information which must be included in an MPEG- 2 * 
bitstream. In particular, MPEG-2 requires that the duration 
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between two subsequent encodings of PCR signals must not 
exceed 100 msec in time, where the time is measured in terms 
of the time required to transfer the data, and the duration 
between two subsequent encodings of the PTSs must not exceed 
70O msec, where the time is measured in terms of display- 
time . 

Thus, the MPEG standard provides various constraints, e.g, 
signal timing requirements, that are intended to insure that 
a bit st ream can be decoded and displayed properly. 

It is expected that digital VTR's which record MPEG encoded 
video bitstreams will have special areas on a tape in which 
trick play data, i.e., data intended to.be displayed during 
one or more modes of VTR trick play operation such as fast 
forward and reverse, is recorded. The trick play data may 
be video data extracted at recording time from a received 
bitstream, e.g., from data intended to be displayed during 
periods of normal VTR playback operation. During trick 
playback operation trick play data will be read from a tape 
by the VTR and output to a decoder for trick playback 
decoding . 

For the trick play data recorded on the tape to be fully 
MPEG-2 compliant, e.g., for it to form a syntactically legal 
MPEG transport bitstreani when read, it must be encoded prior 
to recording assuming a certain playback speed. 

1Z a VTR uses trick play data recorded assuming a certain 
playback speed, e.g., assuming 4x fa,st forward playback 
operation, for display during an additional mode of trick 
playback operation, e.g., at 2x fast forward, the recorded 
PCR, PTS and DTS values will not be correct for the 
additional mode of VTR operation. 
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In such a situation, i.e,, where data was recorded assuming 
one playback speed, and the data is read back at another 
playback speed, there is a need to correct the PCR, PTS and 
DTS values read from the tape to produce an MPEG- 2 compliant 
5 bitstream which can be decoded and displayed, e.g., by am 

MPEG compatible decoder and display device such as a 
television set attached to a VTR. 

Accordingly, there is a need for methods of recording data 
10 in a manner that facilitates its subsequent reading and 

decoding into an MPEG compliant bitstream, and for . 
correcting the timing information contained in a bitstream, 
e,g., a trick play data bitstream, so that it conforms to 
MPEG standards during, e.g., trick playback operation. 

15 

Summary of the Present Invention 

The present invention is directed to video recording and 
playback devices and, more particularly, to methods £or 
insuring that a trick play data stream, e.g., a stream of 
2 0 data used for fast forward or reverse playback operation, 

complies with preselected data standards and in particular 
the MPEG- 2 standard. 

In accordance with the present invention, various methods 
2 5 are described for generating PCR, PTS and DTS values for a 

trick play data stream generated from a normal play data 
steam. The described methods include generating new PCR, 
PTS and DTS values aa a function of the trick play speed at 
which the data is intended to be read back. 

30 

Circuits and methods for correcting PCR, PTS and DTS values 
read from a tape during trick playback operation are also 
disclosed. The disclosed methods are directed to generating 
new PCRs, PTSs and DTSs to provide am MPEG- 2 compliant 
35 bitstream, 
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The methods and apparatus of the present invention for 
recording trick play data, and processing trick play data 
that is read back at a speed or direction of video play back 
device operation other than the speed or direction for which 
it was encoded to be read back at are described in the 
context of a video tape recorder. However, they are also 
applicable to other storage medium which support trick play 
operation including,, e.g., compact discs. Furthermore , it 
is to be understood that the general techniques disclosed 
for adjusting timing stamps, e.g., PCRs and PTS, and timing 
stamp spacing, in accordance with the present invention, may 
be used to insure compliance with digital recording 
standards other than MPEG- 2. 



Detailed DasGription 

The present invention is directed to methods and apparatus 
for insuring that a bit stream recorded on and read from a 
storage device, e.g., a tape, will comply with preselected 
data standards, e.g., the NPEG-2 data standard, The 
bitstream may be, e.g., a trick play bitstreara comprising 
data representing frames to be displayed during fast forward 
or reverse modes of playback device operation.. 

Referring now to Fig. l, there is illustrated a video tape 
recording (VTR) circuit 100 implemented in accordance with 
one embodiment of the present invention. While the 
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recording circuit 100 of the present invention is shown, for 
purposes of illustration, as a VTR recording circuit, it is 
to be understood that the recording and playback circuits of 
the present invention can be used with a host of recording- 
mediums including, e.g., optical disks. 

The VTR recording circuit 100 comprises an antenna 102 for 
receiving a signal, e.g., a television signal, and a 
tuner/demodulator/trellis decoder/deinterleaver and R-S 
decoder circuit 104 for generating a digital bitstream from 
the received signal. The digital bitstream output by . 
circuit 104- includes, e.g., video/audio transport data 
packets which are supplied to the input of a trick play data 
processing circuit 142 and a normal play data processing 
circuit 144 . 

The trick play data processing circuit 14 2 is responsible 
for select ingr a subset of the received data for use during 
one or more VTR modes of trick play operation, e.g., fast 
forward and reverse modes of operation. The trick play 
data selection operation is performed using any one of a- 
plurality of data selection techniques which can be 
implemented by the trick play data selection circuit 108 . 
The trick play data selection circuit 108 outputs the 
transport data packets, refered to as trick play data 
packets, and supplies them to the input of a bitstream 
corrector circuit 109. As will be discussed below, the 
bitstream corrector circuit 10 9 operates in accordance with 
the present invention to modify existing PCR f PTS and/or DTS 
signals, or to generate new PCR, PTS and/or DTS values 
associated with the trick play data packets output by the 
trick play data selection circuit 10 8, in accordance with 
the present invention, to Insure that the trick play data 
will produce an MPEG-2 compliant bitstream wnen read back 
from the tape during at least one mode of VTR trick play 



(33) 



»H¥9- 1 2, 



operation. 

The trick pLay bitstreatn, with the corrected or newly 
generated PCR, PTS and/or DTS signals output by the 
bitstream corrector circuit 109 are supplied to a framing 
and ECC circuit 110 which is responsible for arranging the 
trick play transport data packets into, e.g., trick play 
data blocks and groups of trick data blocks for which ECC 
bits are generated. The trick play data blocks and ECC bits 
are output by the framing and ECC circuit 110 and supplied 
to the first input of a data select multiplexer (MUX } 114. 

The normal play data processing circuit 144 , like the trick 
play data processing circuit 142, receives video/audio 
transport data packets as its input. The received data 
packets are supplied to the input of a framing and ECC 
circuit 116 which arranges the received data packets into 
normal play data blocks and generates error correction (ECC) 
bits for each, of the normal play data blocks. The normal 
play data blocks and ECC bits are output by the framing and 
ECC circuit 110 and supplied to a second input of the data 
select MUX 114 . 

It should be noted that the ECC bits for the normal and 
trick play data blocks can be incorporated therein. 

The data select MUX 114 is controlled, by a trick play data 
select control circuit 14 6, to output either the trick play 
data blocks or the normal play data blocks, as a function of 
the position of a set of heads 140 over a tape 112 . When a 
recording head is over a tape location which has been 
allocated for the storage of trick play data, the data 
select MUX is controlled to" output trick play data blocks 
which are supplied to the set of heads 140. However, when a 
recording head is over a tape location allocated for the 



16 



(34) 



WHPFQ- 12 13 2 2 



storage of normal play data, the trick play data select 
control circuit 145 controls the data select MUX 114 to 
output normal play data blocks which are supplied to the set 
of heads 14 0 . 

Referring npw to Fig. 2, there is illustrated a VTR playback 
circuit 210 implemented in accordance with one exemplary 
embodiment of the present invention. As illustrated in Fig. 
2, the VTR playback circuit 210 comprises a set of heads 
214 , an error correction circuit 216 , a playback packet 
filter 218, a bitstream corrector circuit 220 a digital VTR 
port 222, and a servo control module 224. The position of a 
tape 212 relative to the set of heads 214 is controlled by 
the servo control module 224 during playback operation. 

User commands indicating, e.g., the particular mode of VTR 
playback operation such as forward or reverse and the speed 
of operation are supplied to the playback packet filter 218, 
bitstream corrector circuit 220, and a motor control circuit 
230 of the servo control module. The motor control circuit 
230 adjusts the position of the tape 212 by controlling the 
movement of a set of capstans 226 as a function of the 
output of a tracking control head 228 and a received user 
command. User commands may be input by, e.g., manual 
operation of a switch on a VTR control panel. 

Data is read from the tape during playback operation by the 
set of heads 214 and is supplied to the error correction 
circuit 216. The error correction circuit 215 uses the ECC 
bits read back from the tape with the normal and trick play 
data blocks to correct data errors . Corrected data read 
from the tape, e.g., normal play and trick play transport 
data packets, are suppliedTay the error correction circuit 
216 to the playback packet filter 218. 
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The playback packet filter 218 outputs a bitstream from 
which data packets read from the tape and not used during 
the selected mode of VTR operation are filtered. The 
bitstream output by the playback packet filter 218 is 
supplied to the bitstream corrector circuit 2 20 which 
operates in accordance with the present invention to modify 
PCR, PTS and/or DTS signals already existing- in the 
bitstream, or to generate new PCR, PTS and/or DTS signals to 
insure that the bitstream output by the bitstream corrector 
220 includes PCT, PTS, and/or DTS values that are in 
compliance with MFEG-2 for the specific mode of VTR 
operation as indicated by a user command supplied to the 
bitstream corrector circuit 220. 

The bitstream output by the bitstream corrector circuit 22 O 
is supplied to, e.g., a digital VTR port which may be 
coupled to, e.g., a decoder which may be part of a display 
device such as a television receiver. 

To support trick playback operation modes such as fast 
forward/fast reverse, the trick play data selection circuit 
108 of the VTR recording circuit 100 selects data from the 
bitstream received by the trick play data processing circuit 
142, e.g., the normal play bitstream, which is then recorded 
by the set of heads 140 into locations on the tape 112, 
e.g., trick play tape segments, which are reserved for trick 
play data. In accordance with one embodiment of the 
present invention, the trick play data is recorded as a 
legal MPEG-2 transport data stream which corresponds to a 
preselected playback data rate, i.e., upon playback the 
recorded data, will be read back as a legal MPEG-2 transport 
data stream corresponding to the preselected playback data 
rate. ~ 

This embodiment requires that PCR values, recorded with the 
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trick play data, are encoded with the correct timebase and 
frequency for the preselected playback rate and that PTS 
and/or DTS values are encoded with the trick play data so 
that the frames read back from the tape will be presented at 
the correct rate relative to the PCR values. 

In addition to the PCR and PTS/DTS constraints imposed by 
MPEG-2, the VTR recording circuit 100 may impose additional 
constraints on the trick play data recorded on the tape to 
facilitate VTR trick playback operation. Such additional 
constraints may include, e.g., a limitation requiring that 
trick play frames be limited to intra-coded (I-) frames 
which do not require data corresponding to additional frames 
to be decode. 

In. one embodiment r the trick play data selection circuit 108 
selects data corresponding to I - frames to be used as trick 
play data thereby avoiding the use of inter-frame, e.g., P- 
and B- frame, data for trick play. 

In such an embodiment, the trick play data selection circuit 
108 selects data representing I- frames from the normal play 
data and generates a trick play data stream from the 
selected I -frames. The generation of the trick play data 
stream may include performing one or more data reduction 
operations on the selected I-frames. Thus, the I-framee 
included in the trick play data stream generated by the data 
selection circuit 10 8 may include reduced resolution I- 
frames which were generated by deleting high frequency 
discrete cosine transform (DCT) coefficients from blocks of 
video data included in the normal play bitstream to decrease 
the size of the blocks selected to be included in the trick 
play data stream. ~ 

During trick play operation, because of the path traced over 
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the tape by the set of heads 14 0, the recovered data rate is 
usually much lower than normal playback data rate. 

Because the data rate recovered by the VTR playback: circuit 
210 during- trick playback operation is usually very low 
compared to the original bit rate of the normal play 
bitstream, even reduced resolution I- frames will generally 
take longer than a frame periocL, which corresponds to the 
time used to display a frame during normal playback 
operation, to recover and send to, e.g., a decoder circuit, 
via e.g., the digital VTR port 222. Thus, during fast 
forward or fast reverse trick playback operation, each frame 
will probably have to be held and displayed for more than a 
frame period by, e.g., a display processor responsible for 
controlling the display of the video frame where a frame 
period corresponds to the time normally used to display a 
frame during normal playback operation. 

As a result of the low recovered data rate during trick 
play, a decoder circuit coupled to, e.g., the VTR port 222, 
will generally not receive a sufficient amount of data to 
decode a full frame in a frame period. Accordingly, this 
creates a decoder buffer underflow condition. 

As will be discussed further below, the bitstream corrector 
circuit 220 of the present invention, uses one or more of a 
plurality of different methods of addressing the potential 
decoder buffer underflow problem. Generally, these methods 
include the adjusting or generation of PTS and, optionally, 
DTS values to insure that a decoder receiving data in an 
underflow situation will not attempt to decode the data 
until all the frame data is received. The bitstream 
corrector circuit 220 of tne VTR playback circuit 210 
accomplishes this by generating a PTS or DTS value that 
prevents the decoder from decoding the contents of a frame 
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buffer in the case of a buffer underflow until sufficient 
data is received to permit a frame to be properly decoded. 

In such an embodiment, where the bitstream corrector 220 
generates PTS or DTS values daring buffer underflow 
conditions, each frame, e.g., trick play frame, is 
independently pacJcetized in at least one elementary stream 
(PES) packet- While a frame can be divided into multiple 
PBS packets, in accordance with the present invention, the 
use of multiple PES packets per frame may result in a 
penalty in terms of increased overhead resulting in 
decreased data transmission efficiency. 

To prevent decoder buffer underflow, the bitstream corrector 
circuit 22 0, in another embodiment, stores the trick play 
frame data until it has the data corresponding to a full 
frame. The bitstream corrector circuit 220 then outputs 
this data to the decoder multiple times, e.g., whenever the 
decoder is due to receive a new frame, until the data for a 
new complete frame has been stored and is ready to be 
supplied to the decoder. 

The trick play data read from the tape may be a single set 
of data which is intended to be used for both fast forward 
and fast reverse playback modes of operation. The same trick 
play data may be recorded multiple times on the tape in 
different tape locations in an attempt to increase the 
chances for data recovery. In the case where a single set 
of trick play data ie used for both forward and reverse 
trick playback operation, it is likely that a concatenation 
of I- frames or I-frames and transparent P-frames are the 
only normal play data subsets that will decode properly for 
the various fast modes of trick playback: operation because 
of the uncertainty of the order (forward or reverse) in 
which the data corresponding to the frames will be read from 
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the tape . 

When separate sets of trick play forward and reverse data 
are recorded on a tape, the use of inter- frame coded data 
during trick play is possible since the order in which the 
frames for a specific mode of trick play operation will be 
read from the tape becomes predictable. In such a case, it 
is possible to construct a trick play data stream in which 
the holding time for each frame is one frame period. If 
sufficient data is read from the tape to avoid decoder 
buffer underflow,. MPEG- 2 does not require a PTS and/or DTS 
to be encoded for each frame, or that each frame be in an 
individual PES packet . 

However, to facilitate support of multiple speed crick 
playback operation using a single trick play data set for a 
plurality of different speeds and/or directions of trick 
play operation, it is desirable that a PTS and/or DTS be 
included for each frame and that the data corresponding to 
each frame be included in an individual PES packet. 

In one embodiment, the bitstream corrector 109 of the VTR 
recording circuit 100 of the present invention is 
responsible for insuring that the trick play data stream 
recorded on a tape circuit 210 includes each frame in a 
single PES packet with a PTS and/ or DTS. 

when a VTR playback circuit operates in fast forward or fast 
reverse it will recover data, e.g., trick play data, from 
the trick play segments of a tape and send it to a decoder. 
The amount of data recovered, however, is a function of the 
playback rate which, in the case of fast forward/reverge 
operation, is faster than the normal playback speed. Thus, 
if the trick play data recorded and read back from the tape 
was encoded before recording for playback at a fast speed 
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of, e.g, Sx. normal and is played out at, e.g., 18x normal, 
the data rate of the trick play data stream output by the 
playback packet filter 218 will be different than that for 
which the data was originally encoded- Accordingly, the 
PCR, PTS and/or DTS values read from the tape will not be 
correct when the playback rate is different than the 
playback rate for which the data was originally encoded. 

Slow speed playback operation offers similar data rate and 
timing problems to those associated with faster than normal 
playback speeds. However, during slower than normal 
playback speeds it is possible to read and output the normal 
play data recorded on the tape. Thus, during slow speed 
playback operation a VTR will probably use the entire 
recorded normal play bit stream, as its source rather than an 
extracted subset. However, the VTR playback circuit will 
probaKLy deliver it to a decoder at a rate less than that 
for which it was encoded. Accordingly, PCR and PTS/DTS 
values read from the tape will be incorrect in the slow 
playback case since the displayed frames will have a holding 
and display time greater than l frame . To ease slow motion 
playback decoding, requirements, the normal play data should 
be encoded such that the data corresponding to each normal 
play frame is contained in an independent PES packet with an 
encoded PTS and, optionally, a DTS . This is a constraint 
that is required by the Grand Alliance™ ADTV specification 
for ADTV bitstreams. 

The operation of the bit stream corrector circuit 10 9 of the 
VTR recording circuit 100 of the present invention and the 
bitatream corrector circuit 220 of the VTR playback circuit 
210 will now be discussed in detail beginning with a 
discussion of the recording of trick play data for fast 
forward playback operation. 
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After extraction or selection of trick play data from the 
normal play bitstreatn by the data selection circuit 108, the 
trick play data should be put back into an MPEG- 2 compliant 
transport stream. This operation is performed, in the VTR 
recording circuit 100, by the bitstream corrector circuit 
10 9. As discussed below, PCR values are generated and 
inserted into the adaptation headers of trick play transport 
packets output by the data selection circuit 108. This 
operation is performed by the bitstream corrector circuit 
109, as required to produce an MPEG-2 compliant bitstream of 
trick play data. Because the trick play data received by 
the bitstream corrector circuit 109 was not encoded at the 
rate at which it will be decoded, e.g., it was encoded for 
normal play operation and will be decoded during fast 
forward playback operation, new PCR values have to be 
generated and included in the trick play data stream to 
achieve MPEG-2 compliance. 

The long term average data rate for a specific preselected 
trick playback mode of operation, e.g.', 18x fast forward, 
can be predicted with reasonable certainty from the 
recording pattern of the trick play data on the tape and the 
expected fast forward playback rate. 

Furthermore, PCRs can be included in a MPEG-2 bitstream at 
preselected intervals of upto 100ms apart, e.g., in terms of 
the time required, to transfer the data between the PCRs. 
The PCR is a value normally generated in response to the 
incrementing of a 33 bit register as a function of a 27 MHz 
clock signal and a 9 bit extension. The 33 bit PCR base 
can have a value of anywhere from 0 to 8,589,934,591 while 
the 9 bit PCR extension can have a value from 0 to 299. 
The 9 bit extension is incramentad on every cycle of a 27 
MHz system clock and is reset after reaching the value 299. 
The 33 bit base is incremented whenever the 9 bit extension 
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wraps around to zero with the 33 bit base wrapping . around to 
zero after reaching its ma)dmuni value of 8 r 589 , 934 , 591 . 

The PCR base and PCR extension can be combined into a signal 

5 PCR value for purposes of arithmetic on PCRs. This is 

accomplished by multiplying the PCR base by 300 and adding 
the PCR extension value, 

PCR value - PCR baae*3 00 + PCR extension 

Then, in accordance with the present invention, normal 
arithmetic can be accomplished on the PCR value with the 
restriction that the PCR value will wrap around at a value 
of 8,589,934,591*300+299. That is if the PCR value where 
incremented from 8,589,934,591*300+299 the next value would 
be 0 . The PCR value can be converted back: into a PCR base 
and extension for encoding in the bitstream. The PCR base 
is calculated by dividing the PCR value by 3 00 and dropping 
any fractional part to result in an integer, and the PCR 
extension is the remainder of the PCR value divided by 300. 

PCR base = PCR value/300 (integer) 
PCR extension = remainder of PCR value/3 0 0 
= PCR value - PCR base *3 0 0 
25 

Generally, it is the sequence of PCR values and the 
incrementing thereof that is important and not the initial 
PCR value or starting point in a bitstream. 

30 Since the predicted playback data rate for a preselected 

trick playback mode of operation is known, the period in 
terms of the time required to recover a specific amount of 
trick play data from the tape in the preselected mode of 
txrick play operation is also known. Therefore the time, in 

35 the preselected playback mode, between data packets of trick 
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play data may be calculated as (the amount qf data between 
the data packets / the transfer data rate for the 
preselected mode of trick play operation) . By generating a 
PCR clock reference signal and including it in the trick 
play data bitstream so that, the decoder receives a PCR at 
leaet once every 100 ms of playback time, MPEG-2 compliance 
is achieved. 

In accordance with the present invention the PCRs to be 
included with the trick play data being recorded on the tape 
are generated based on the assumption that the trick play 
transport stream is a continuous stream of packets at the 
average predicted trick playback data rate. 

In one embodiment , the bit stream corrector 10 9 generates a 
PCR for every preselected number of ms required to transfer 
data to a decoder during the specific mode of operation 
where the preselected number is less than or equal to 100 , 
e.g., 50 tus . In such an embodiment, the amount of data 
output by the data selection circuit 10 8 is monitored and 
when the data output for the preselected trick playback mode 
of operation is an amount that approximately equals the 
amount that will be transfered to a decoder in the 
preselected number of ms , a PCR is generated by the 
bit stream corrector circuit 109 and inserted into the 
bitstream. Because the point at which a PCR is to be 
inserted into the data stream may not precisely match the 
location at which PCRs should be inserted into a data 
packet, the PCR may not be generated and inserted exactly at 
the preselected point but relatively close thereto. 

In such an embodiment, each new PCR value generated by the 
bitstream corrector circuit" 10 9 is equal to the previous PCR 
value plus an incremental value. 
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The PCR's represent a sample of a 33 bit counter plus a 9 
bit extension. The -PCR value increments at a 27 MHz rate, 
so, during trick playback the PGR must appear, to increment 
at a 27 MHz rate. Thus, if the data transfer rate for trick 
5 play output is known the PCR values can be calculated. For 

example, the time span between PCR X and PCR 2 is the amount 
of data in the bitstream between PCR A and PCR 2 divided by 
the rate at which it is sent to a decoder. The number of 
PCR increments is this time span times 2 7 Mega- 
10 increment s /sec . Thus, the value of PCR2 can be calculated 

from the value of PCRl plus the 27,00 0,000 times the number 
of bytes generated since PCR X divided by the transfer rate 
in bytes/second. 

15 PCR 2 FCI^ ■+ (bytes since PCR^Transfer rate) x 27000000 

In MPEG- 2 the PCRs are constrained such that the time span 
between two PCRs must be less than lOO msec. So an 
alternate way of generating correct PCRs is to pick a span, 

2 0 T, less than 100 msec and compute the number of bytes that 

will be transfered during that span, B =T* transfer 
rate (bytes/sec. ) . Once B bytes have been generated a new 
PCR will be output at the first opportunity. Since a PCR is 
encoded in a packet header, it may not fall at exactly B 

25 bytes from the last PCR. So the number of bytes since B r 

until the PCR can be encoded must be counted. The new PCR 
value is then the aid PCR value plus P T*27000 000 plus the 
number of bytes in excess of B divided by the transfer rate 
times 27000 0 00 increments/sec. 
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responsible, in one embodiment, for packing the data 
representing each trick play frame into a PES packet. Each 
PES packet includes a PTS, and, optionally, a DTS in the PES 
header. Generally, it is expected that in most applications 
B- frames will not be included in a trick play data stream. 
In such cases, where the crick play data stream includes 
only intra-coded data DTS values dp not need to be included 
in the PES header. 

The time difference between subsequent PTSs, in the trick 
play data stream being recorded on the tape, should be the 
desired holding time for the previous frame (frame^J times 
the desired output rate, e.g., period for displaying each 
.frame. Thus, the generation of a PTS value by the bit stream 
corrector circuit 10 9 for a current frame, i.e. frame if can 
be represented by the following equation: 
PTS L = PTS io + (holding time frame^) x 90 kHz 

where PTS t represents the PTS value being generated for 

the data representing the current frame, frame L ; 

PTSi.j represents the PTS value generated for the 
data representing the frame preceding the current 
frame , i.e., frame^i , 

holding time frame^ represents the time, as a 
multiple of a standard frame time, for which 
frame L _ a is to be displayed; and where 

9 0 kHz represents the clock rate for presentation 
time stamps during the normal mode of VTR playback 
operation . 

To prevent picture tearing and possible loss of 
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synchronization in the decoder the holding time during trick 
playback operation should preferably be an integer multiple 
of the normal playback operation frame period. For example, 
the holding time for frame^ should be (N^ x frame period) , 
where is an integer representing the number of frame 

times for which frame t . L is to be held. 

Substituting (N^ x frame period) in the above equation for 
the holding time of frame^ yields: 

PTS t = PTS^j + (Ni-i x frame period) x 90 kHz. 

If the desired average holding time, for* the trick play 
frames during the preselected mode of trick playback 
operation is not an integer multiple of the frame period, 
then the holding times of trick play frames can be dithered 
to achieve the desired average hold time per trick play 
frame. For example, if the desired average hold time is 
4.2 5 frame periods, a sequence of four frames can be encoded 
by the hitstream corrector circuit 109 with 3 frames being 
assigned a holding time of 4 frame periods and 1 frame time 
being assigned a holding time of 5 frame periods. In such a 
case, the average holding time over any multiple of 4 trick 
play frames is (17 frame periods/4 frames) = 4.25 frame 
periods . 

In the above described manner, the hitstream corrector 
circuit 109 of the VTR recording circuit of the present 
invention generates PCR and PTS values for each frame of 
trick play data, in the trick play datastreara so that an 
MPEG-2 compliant, bitstream will exist when the data is later 
read back from a tape during trick play operation at the 
preselected fast forward speed of trick play operation for 
which the trick play data was recorded. 
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Operation of the bit stream corrector circuit 2 20 of the VTR 
playback circuit 210 will now be discussed. When trick play- 
data is read back and played at the speed for which it was 
encoded, the clock reference (PCR) and time stamps (DTS, 
5 PTS) should be correct for decoding. In such a case, the 

VTR needs to simply send the trick play data read back from 
the tape to a decoder without modification by the bitstream 
corrector circuit 220. However, if the trick play speed is 
other than that for which the data was encoded, then the 
10 clock reference values and time stamps will be wrong. 

For example, consider a bitstream recorded for 16x normal 
speed trick playback operation. Since the data on the tape 
for trick play is fixed at recording time, the output data 
15 rate is a function fo the trick play speed. If the data is, 

e.g., 25 sync blocks per rotation of the set of heads and 
the data is repeated e.g., 18 times to facilitate 18x phase 
lock trick play, then the data rate during- 18x speed 
playback operation (DR lfi ) will be: 

20 

DR 18 = 25 blocks/rot x (3 76 bytes/5 blocks) x 
150 rps x 18 speed/18 repetition 

- 282 Kbytes/sec. 

assuming a rotational rate of 150 revolutions/sec . ; 

376 bytes of data for every 5 blocks read from the 
tape; and 

that during IS speed playback operation no duplicate 
data is read from the tape since the ratio of the 
playback speed to the repetition rate is 1. 

35 at 8.5x trick playback operation the data rate would be 

as follows; 

DR 9 . S = 25 blocks/rot x (3 76 Hbytes/5 blocks) x 
40 150 rps x 8.5 speed/18 repetition 

= 133.1&67 Kbytes/sec. 
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Since the effective playback data rate is lower in the 8 . 5x 
case, e.g., because duplicate trick play data is read, it 
takes longer to read back and transfer to a decoder a fixed 
5 amount of non -duplicative trick play data. This results in 

the time difference between two PCRs which axe read back 
from the tape being lengthened by the ratio of the speed far 
which the data was encoded over the actual playback speed. 
To correct PCRs that are read back at a data rate that is 
10 lower than the rate they were intended to be read back at, 

the PCRs can be scaled by the ratio of the encoded data rate 
over the actual data rate as follows: 

15 corrected PCR t = PCRi x [encoded trick play speed/actual 

trick play speed] 

Continuing the above example, in the case of data that was 
encoded to be read back at 18x speed and is actually read 
2 0 back at 8.5x speed the corrected PCRs are calculated as 

follows: 

corrected PCR 4 = PCRi x 18/8.5 

As an alternative to calculating corrected PCR values from 
2 5 those read from the tape, new PCRs could be generated using 

a 27 MHz system clock to drive a 33 bit counter and a 9 bit 
extension. In such an embodiment, the bit stream corrector 
circuit 220 replaces the PCRs in the trick pLay data stream 
read from the tape with values obtained by sampling the 33 
30 bit counter and a 9 bit extension, e.g, at preselected 

intervals which are upto 100 ms apart- 
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The difference in the actual data rate at which the data is 
read from the tape and the data rate for which the data was 
encoded to be read at has the same effect on the holding 
times and PTS, DTS values as it has on the PCR values. For 
example , if a frame had a holding time of N at 18x playback, 
then it will take a holding time of 

(N x 18/8.5) to play that frame at 8.5x speed. Thus, the 
PTSs and DTs should also be adjusted to account for the 
effect of the different playback speed. A corrected PTS may 
be calculated as follows : 

corrected PTS d - PTS i x [encoded trick play speed/actual 

trick play speed] 

For example where the data is encoded and recorded to be 
played back at 18x speed and is actually played back' at 8.5x 
speed corrected PTS values would be calculated as follows: 
PTSi_ cor - PTSi x 18/8.5 

After such a scaling or correction operation, it is 
desirable to again adjust the corrected PTS values so that 
they are integer multiples of the frame period. This can be 
done by lengthening or shortening each PTS as necessary to 
make it a multiple of the frame period, i.e., normal play 
frame display time, and tracking the remainder of the hold 
time so it does not accumulate. The following algorithm may 
be used by the bitstream corrector circuit 220 to accomplish 
this operation: 

Begin 

remainder = 0 

Begin repeat 

PTS cor = PTS raad x .[encoded trick play 

speed/actual trick play 
speed] 

PTS 4d:( « int portion [PTS cor /f rame period] x 
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Erame period 

remainder =. remainder + PTS^,. - PTS ad j 

if (remainder > frame period) then 
PTS ao? = PTS ad:( + frame period 
remainder = remainder- frame period 
repeat for next PTS 

When trick playback operation is performed at a speed that 
is less than the speed Che trick play data was encoded to be 
read back at , the spacing between PTRs and PTSs must not 
only be corrected, e.g., in the above described manner, but 
the spacing between such timing signals must also be 
checked . 

If the PCRs where spaced at 100 msec intervals at the time 
they were encoded to be recorded on the tape, then 
lengthening that duration, e.g., by reading the data back at 
a lower trick play speed, would result in a bitstream that 
violates the MPEG-2 standard. This might present problems 
relating to a decoder's ability to use a phase lock loop 
circuit to decode the data. To insure that the MPEG-2 
maximum interval constraint is not violated by a trick play 
data stream, the bitstream corrector circuit 220 can, and in 
one embodiment does, insert new PCR packets into the trick 
play datastr earn to satisfy the PCR spacing requirements. 

In this context, the term PCR packet is used to" refer to an 
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MPEG- 2 transport packet including a PCR value encoded in the 
adaptation header of the transport packet . 

The new PCR packets which are inserted into the bitstream to 
insure MPEG-2 compliance, can be constructed without payload 
data by stuffing the adaptation header of the generated PCR 
packet so that it fills the entire packet payload. 
Inserting extra PCR packets in the trick play data stream 
will increase the trick play data rate slightly. However, 
as long as the adjusted. PCRs which were generated from the 
original PCRs are transferred at the same relative position 
in time as if the new PCR packets were not included, the 
adjusted PCRs will not have to be adjusted again as a result 
of the addition of the new PCR packets, added to insure that 
MPEG-2 PCR spacing requirements are satisfied. 

In most cases,, the trick play data stream output by the VTR 
playback circuit 210 will be padded with NTJLL packets to 
bring it up to the data rate of a normal playback data 
stream. In such a case, the PCR packets added to satisfy 
MPEG spacing requirements can be substituted for the NULL 
packets that would otherwise be added to the trick play 
bitstream by, e.g., the bitstream corrector circuit 220. 

In addition to the constraints between PCRs , MPEG has a 
similar spacing requirement for PTS values, which can be 
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spaced at a maximum distance of 7 00 msec in the bitstream. 
However, since the presentation time clock of a decoder is 
locked to the 27 MHz system clock during decoding it is not 
clear whether violating this MPEG constraint will present 
5 any problem for decoders in terms of their ability to decode 

a received bitstream. 

If the MPEG PTS spacing constraint is to be satisfied,, and 
the holding time for a frame exceeds 700 msec, then a dummy 
10 PES packet can be inserted into the trick play data stream 

to achieve the required PTS spacing. 

Xn accordance with one embodiment of the present invention, 
dummy packets that are inserted to maintain the desired PTS 

15 spacing are constructed as transparent P- frames with a PTS 

appropriate to satisfy MPEG PTS maximum spacing 
requirements. A transparent P-frame, in this case, is a 
frame constructed completely from predictions from the 
previous frame, with the motion vectors and prediction 

2 0 residuals being set to zero so that the resulting decoded 

interframe is exactly the same as the previous frame. 

Inserting dummy PES packets will increase the data rate, but 
if PCR spacing is not disturbed then their will be no need 
25 to adjust the PCRs as a result of the insertion of dummy PES 

packets . 
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To simplify the generation of dummy PES packets, in one 
embodiment, a read only memory coupled to the bitstream 
corrector circuit 220 is provided and used to store data 
representing a dummy PES packet as a fixed number of 
5 transport packets. In such an embodiment, the bit stream 

corrector circuit 220 uses the dummy PES packet information 
stored in the ROM when it needs to add a dummy PES packet to 
the bitstream. 

10 

Pseudo code is used below to represent methods of the 
present invention used to correct or generate PCR, PTS and a 
DTS values far each of the correction scenarios in this 
application. For each application, the pseudo code is 

15 presented for two different embodiments. The pseudo code 

for the first embodiment assumes that PCR values read from 
the tape are corrected, e.g., adjusted, and used to generate 
an MPEG compliant trick play data stream. The pseudo code 
for the second embodiment, on the other hand, assumes that a 

20 PCR counter will be used by the bitstream corrector circuit 

to generate new PCR values which are then inserted into the 
trick play bitstream with the PCR values read from the tape. 
In the second embodiment, PCR values supplied to the input 
of the bitstream corrector circuit 220, if any, are 

25 discarded rather than corrected. if desired the first and 

second embodiments can be combined with the first embodiment 
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being used when PCRs are present in a bitstream supplied to 
the bitstream corrector- circuit 22 0 and the second 
embodiment being used when PCRs are absent from the 
bitstream supplied to the bitstream corrector circuit 220. 

5 



Pseudo code representing the bitstream correction operations 
performed by the bitstream corrector circuit 22 0 of the 
present invention in two different embodiments, to correct a 
bitstream read back from the tape during a. fast forward mode 
of trick playback operation is set forth below. 



Bitstreajn Cor rection for Fast Forward - Em bodiment 1 

if <PF output irate « encoded rate for bitstream) then 
play out the bitstream 

.else 

scai±ng_f actor - encoded_TP_speed/actual_TP speed 
remainder « 0 
for (each packet) 

if (packet contains PCR) then 

set PCR-scaling_factor*PCR 
els© if (100 ma since last PCR) then 
than insert new packet with PCR 
end if 

if (packet contains PTS) 

new PTS=»caling__f actor*PTS 

adju3tedPTS = laxgest_integer_less_than<newprS/frame 

period ) *f rame_period 
remainder a remainder +- newPTS-adjustedPTS 
if (remainder>frarae_period) then 

adjust edPTS » adj listed PTS 4 f ramejperiod 
remainder » remainder - frame_period 
end if 

set PTS = adjusted PTS 
else if £70Omg5 since last PTS) 
send durr&ny frame with PTS 
end if 

output packet 
end for- "** 
end if 
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Sit stream Cor rection for Fast: Forward - Embodiment 2 

initialize PCR counter 
insert new packet with PCR 
initialize PTS estimate =* PCS. + 

estimated delay fox first picture 
for <each packet) 

if (100ms since last PCR) then 

ins art nev packet with current PCR counter 
end if 

if [packet contains PTS) 

set PTS = current PTS estimate 
end if 

if (700ms since last PTS) 

send dummy frame with PTS 
end if 
send packet 
update PCR counter 
update PTS estimate 
end for 



where, in the above pseudo code: 

newPTS - is the estimate of the corrected PTS which is calculated 
fay scaling the PTS read froram the tape; 

adjustedPTS - is the corrected PTS value adjusted by- 
dithering- so it fall on a frame period ; 

initialize PCR counter - represents the operation of setting 
the PCR -value to any legal MPEG- 2 PCR value as a starting 
point ; 

initialize PTS estimate - represents the operation of 
initialising the PTS to the PCR base plus a time delay as a 
function of the estimated time to send the first frame? 

delay for first frame - is a time delay in PTS increments 
which, represents the estimated time to send the first Crame 
to a decoder? 

update PCR - represents the operation of incrementing the 
PCR base and extension as a function of a 37 MHz clock? and 

update PTS - represents the operation of incrementing the 
PTS as a function of a 90 kHz clock and the frame period. 



Operation of the bitstream corrector circuit 220 will now be 
described in the case of fast reverse operation. 



For trick play data that is recorded on a tape assuming that 



3S 



(56) «fHPP9 -12 13 

it will be read back and used for fast forward play and 
which is used in both fast forward and fast reverse modes of 
trick playback operation, the counting direction of the PCR, 
PTS and DTS clocks must be reversed for reverse playback 
operation. 

One or more reversal buffers, incorporated into the playback 
packet filter 218 , are responsible for re-ordering, e.g.., 
reversing the order of the frame data read from the tape 
during reverse trick play operation when the data recorded 
for forward operation is read back and used for reverse 
playback operation. 

In the case of data that was recorded for forward playback 
operation, which is read back during reverse operation, the 
PCR will count down as data is read from the tape and it. 
must be reversed to count up. This can be accomplished by 
replacing the PCRs read from the tape with new PCR values 
generated using, e.g., a 33 bit counter value and a 9 bit 
extension both of which are generated as a function of a 27 
MHz clock, Alternatively, new PCR values can be generated 
as a function of the original PCRs read from the tape using 
the knowledge that the original PCRs were calculated based 
on the amount of data recorded and the anticipated data rate 
during fast forward playback. Because the frame data may 
have to be reversed in reverse play there is not necessarily 
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a simple relationship between PCRs recorded far forward 
playback operation and those read from the tape and sent to 
the decoder during reverse playback operation. 

5 PTSs for reverse play will also have to be corrected when 

the data being used for reverse playback operation was 
recorded to be used during forward playback operation. 

The PTSs for fast reverse play can, and in one embodiment of 
10 the present invention are, calculated by the bitstream 

corrector circuit 220 using the following equation: 

PTSo«_i - PTS„ M + {PTS Qidi _ 2 - PTS^^) 

where : 

15 P TS =or_i is the corrected PTS value for the i ch PTS 

value in the sequence of generated PTS values ; 

PTScor^.! is the corrected PTS value for the PTS 
preceding the i ch PTS value in the sequence of - 
20 generated PTS values; and 

where PTS old t _ 2 and PTS old l . x correspond to the (i- 
2> and (i-l) PTS values, respectively, in the 
sequence of i PTS values read from the tape. 

25 

Pseudo code setting forth two different embodiments of the 
present invention for correcting the PCR and PTS values 
3 0 during fast reverse playback operation which uses data 

recorded for fast forward operation, are set forth below. 
The first embodiment corrects PCR values read from the tape 
while the second embodiment generates PCR values 
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independently from any values read from the tape. 



Bitstr eam Correction for Fast Reverse - Embodiment 1 
initialize PCR counter 

Scaling_factor=encodftd_ i rD_speed/actual_TP_apeed 
rema inde r = 0 

initialize revPTS=PCR +- delay for first frame 
for (each packet: ) 

if {packet contains PCR) then 

set PCR - last PCR + amount of data since last 

PCR/data rate 

else if (lOO ms since last PCR) then. 

then insert new packet with PCR 
end if 

if (packet contains PTs) 
newPTS =3 cal ing_f actor* PTS 

ad j u a t edPTS= 1 arges t_int eger_les s_ than { nevPTS/ f rame 
period) * frame period 
remainder - remainder + newPTS-adjustedPTS 
adjustedPTS » adjue tedPTS-*-frame_period 
remainder = remainder - fra.me_p« r i od 
end if 

revPTS - last revPTS •+ oldPTS2 - oldPTSl 

oldPTS - oldPTSX 

oldPTSl = adjustedPTS 

set PTS - revPTS 
else if (700ms since last PTS) 

send dummy frame with PTS 
end if 

output packet 
end for 



Bitstream Correction for Fast Reverse - Embodiment 2 

initialize PCR counter 
insert new packet with PCR 
initialize PTS estimate ~ PCR + 

estimated delay far first picture 
for (each packet) 

if (looms since last PCR) then 

insert new packet with current PCR counter 
end if 

i£ (packet contains PTS) 

set pts - current. PTS estimate 
end if 

if (700ms since last PTS) 

send dummy frame with PTS 
end if 
send packet 
update pcr counter 
update PTS estimate 
end for _ 

where in the above pseudo code ; 

initialize revPTS - represents initialization of the value of the 
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reverse PTS counter which is initialized using the initial PCR 
value Cor reverse processing and a delay corresponding to the 
estimated time required to send fch« first frame to a decoder. 

oldPTSl - This variabLe represents the previous final corrected 
PTS value. It is initialized as the currant PTS minus the 
estimated time to send a frame to a decoder. 

old PTS 2 - This variable corresponds to the previous value of 
oldPTSl and thus the value of the corrected PTS from turo frames 
ago. This value is initialized as the initial value of oldPTSl 
minus the estimated time to send a frame to a decoder 



c l? St revFTS " variable corresponds to the previous value of 

lb the reverse PTS. This variable is initialized in the same manner 

as the reverse PTS counter. 



last PCR - This variable corresponds to the previous value of 
the last corrected PCR that was generated. 



Correction of the PCR, PTS and DTS values read from a tape 
during slow motion forward playback will now be described. 



Slow motion is playing out the normal play , data read from 
the tape, e.g., a normal play bitstream, with a holding time 
greater than 1 frame period. The effect on PCR and PTS 
values is similar to that of fast forward at a speed lower 
than the encoding speed, however, because a video tape 
recorder does not have full control over the process used to 
encode a normal play bit stream because it is normally 
received in an encoded form and recorded without re- 
encoding, correction of PGR, PTS and/or DTS values may be 
35 slightly more complex than in the fast forward case. 

In the forward slow motion-case, the PCR and PTS/DTS values 
_ should be scaled by (1/slow motion playback speed) A simple 
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scheme of the present invention used to maintain PTS 
alignment with the frame period is using a slow speed of 1/N 
times the normal playback speed, where N is an integer. If 
the slow speed results in a holding time which is a non- 
5 integer number of a frame period, PTS dithering can be used 

as described above, to achieve the proper slow motion 
display rate. 

In accordance with the present invention, during slow 
10 forward operation, if PCR spacing exceeds 100 msec the 

bitstream corrector circuit 220 inserts PCR packets to meet 
MPEG PCR maximum spacing requirements. zf the PTS spacing 
exceeds 70 Cl msec, the bitstream corrector circuit 220 
inserts transparent P~ frames if there are no B-frames in the 
15 sequence . 

If B-frames are present in the sequence, inserting a 
transparent P- frame would result in a replication of the 
anchor frame rather than the previous B- frame thereby 
2 0 disrupting the frame sequence and the data stored in the 

anchor frame buffers. 

Accordingly, if B-frames are present in the slow-motion 
bitstream, dummy B-frames are inserted into the bitstream by 
25 the bitstream corrector circuit 22 0, as required, to 

maintain proper PTS spacing. If the dummy frame being 
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inserted is to be displayed following an anchor frame it can 
be completely predicted from the anchor frame. However, if 
the dummy frame follows a B-frame it is made to be a 
repetition of the 8-frame data which it follows. 

The spacing of frames with a holding time greater than 1 
requires that a PES header with a PTS be used for each 
frame. If the source data, e.g., the data read from the 
tape during slow motion playback, wasn't encoded with a PES 
header and PTS per frame, than the VTR playback circuit 210 
could simply output the data and rely on the underflow 
handling capability of a decoder receiving the data. 
However, to insure correct decoding, in one embodiment, the 
bit stream corrector circuit 22 0 inserts an extra PES header 
before each frame which doesn't have one and inserts a PTS 
into those frames which have a PES without a PTS . This can 
be done by repacketizing the entire bit stream, or by 
inserting extra transport packets which contain only the 
needed PES headers and adaptation header stuffing to fill 
the extra payload. 

Pseudo code setting forth two different embodiments of the 
present invention for correcting the PCR and PTS values 
during slow forward playback operation are set forth below. 
The first embodiment uses PCR values read from the tape 
while the second embodiment generates completely new PCR 
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values . 



Bltafcream Correction for Slow Forward - Rmbodlr nent 1 



5 scaling_£ aetor**l/actu.al_speed 

remainder- 0 
for (each packet) 

if (packet conbaine PCR> then, 

set PGR = 3caling_factor+PCR 
10 else if (looms since last PCR) Chen 

then Insert new packet with PCR 
end if 

if <packet contains PTS) 

newPTS - seal ing_f actor + PTS 
15 adjustedPTS-largrest^integer^ leas_than (newBTS/frame^ 

period) *jErame_period ~~ 
remainder = remainder + newPTS-adjustedPTS 
if (remainder>f rame_period> then 

ad;justed.FTS « adjustedPTS+f rarne^per iod 
20 remainder - remainder - frame period 

end if 

setFTS =- adjustedPTS 
else if (70 0ms since last PTS I 
send dummy frame with PTS 
25 end if 

output packet 
end for 

3 0 Bitstreaan Correction for Slow Forward "Embodiment 2 

initialize PCR counter 
insert new packet vrith PCR 
initialize PTS estimate = PCR + 

estimated delay for first picture 
35 for (each packet) 

if (100ms since laet PCR) then 

insert new packet with current PCR counter 
end if 

if (packet contains PTS ) 

4 0 set pts = current pts estimate 

. end if 
if {700ras since last PTS ) 

send dummy frame with* PT3 
end if 

45 send packet 

update PCR counter 
update PTS estimate 
end for 

50 Correction of the PCR, PTS and DTS values read from a tape 

during reverse normal or slow speed playback modes of 
operation will now be described- 



*5 



(63) ^¥9-1213 

Reverse playback of the normal play bitstream, whether at a 
normal or slower than normal speed, introduces various 
problems with regard to the correction of PCR, PTS and DTS 
vaLues. If the bitstream includes inter-coded frames, e.g., 
B- or P- frames, these can only be correctly decoded if the 
decoding is done in the forward direction. Although a video 
playback circuit could buffer up a group of pictures <GOP) 
and pass it to a decoder, the decoder will, absent some 
control signal to the contrary, present the frames in the 
forward temporal order . 

A somewhat better approach to addressing reverse playback 
operation at aormal or slow speeds is to playback intra- 
coded frames in reverse order and delete the inter-coded 
frames from the trick play bitstream. In such an 
embodiment, the VTR playback circuit 210 buffers the I- • 
frames read from the tape using, e.g., the reversal buffers 
incorporated into the playback packet filter l 218, and then 
sends the I-frames to a decoder in a syntactically forward 
direction. This may result in jerky reverse motion because 
the inter-coded frames are deleted. However, this approach 
has the advantage of producing an MPEG compliant bitstream 
which can be decoded by a standard decoder. Inter-coded 
data, e.g., P- and B- frames can be used in reverse if the 
inter-coded frames or regions are transparent. Thus, if a 
progressive refresh scheme is used rather than I-frarne 
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refresh, reverse operation can be performed by having the 
bitstream corrector circuit 220 replace inter-coded 
macroblocks in the trick play bitstream with skipped or 
transparent macroblocJce - 

PCR values for reverse play can either be generated using a 
2 7 MHz signal to drive a counter at playback time or by 
calculating the transfer rate and the amount of data sent to 
the decoder during normal or slow reverse operation. Unless 
the GOP structure is known, it is probably not possible to 
correctly encode PTS values because the holding time will be 
a function of the GOP size. Thus, in this case, the video 
playback circuit 210 will probably have to let the decoder 
buffer underflow in certain instances and rely on the 
correct response by the decoder to handle the underflow 
condition. 

Pseudo code setting forth two different embodiments of the 
present invention for correcting the PCR and PTS values 
during normal or slow reverse playback operation are set 
forth below. The first embodiment uses PCR values read from 
the tape while the second embodiment generates completely 
new PCR values . 
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Bifcstreajn Correction for Slow or Normal Reverse 
Embodiment 1 

initialize PCR counter 
5 remainder = 0 

initialize revPTS = PCR + delay for first frame 
for (each packet) 

if (packet contains PCR) then 

set PCR « last PCR •+ amount of data since 
10 last PCR/ data rate 

else if (100ms since last PCR) then 

then insert new packet with PCR 
end if 

if ( packe t contains PTS ) 
15 newPTS = PTS 

adjustedPTS = 

largest_integer_les3_than <newPTS/f rame_ 
period) * frame period 
remainder = remainder +- newFTS -adjustedPTS 
'2 0 if ( remainder >frame_jperiod) then 

adjustedPTS *» adjusted PTS + frame__period 
remainder = remainder - f rame^period 
end if 

revPTS - last revPTS + oldPTS2 - oldPTSi 
25 oldPTS2 » oldPTSi 

oldPTSi = adjustedPTS 
set PTS = revPTS 
else if (700ms since last PTS } 
send dummy frame with PTS 
30 end if 

output packet 
end for 

3 5 Bit stream Correction for Slow or Normal Reverse 

\ Embodiment 2 

initialize PCR counter 
insert new packet with PCR 

4 0 initialize ?T3 estimate = PCR + 

estimated delay for first picture 
for (each packet) 

if < 100ms since last PCR) then 

insert new packet with current PCR counter 
45 end if 

if (packet contains PTS ) 

set PTS = current PTS estimate 
end if 

if (70 0ms since last PTS) 
50 send dummy frame with PTS 

end if 

send packet 

update PCR counter 

update PTS estimate 
55 end for 



Reverse playback operation, whether it be slow, normal or 
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fast speed present several buffering problems when a 
bit stream that was recorded for forward playback operation 
is used as the data source for reverse playback operation 
since the frames are not read in the order in which they 
must be output to a decoder. For the data output during 
reverse operation to be in the correct syntactic order, the 
macroblocks represented by the data must be encoded from 
left to right and the slices from Cop to bottom. The data 
recorded for forward playback operation and read from the 
tape in reverse order will not have the correct ordering. 
Thus, the data representing each frame must be buffered 
until all the frame data is read. It can then be reordered 
and sent ot a decoder in the forward order. Because a video 
playback circuit will probably read new data as the current 
reversed frame is being sent to a decoder, two frame 
buffers, each of which is large enough to store the largest 
expected frame, are used in accordance with the present 
invention in a ping-pong manner for reverse operation with 
data being stored in one buffer while data is being read out 
of the other buffer. 

While it is possible for a video playback circuit 210, e.g, 
the bitstream corrector circuit 220 , to detect PCRs, PTSs 
and DTSs by scanning the bitstream read back from a tape, it 
is easier for the bitstream corrector circuit 220 if trick 
play packets carrying PCRs, PTSs or DTSs are identified by 
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e.g., marked at recording time. 

Accordingly, in one embodiment of the present invention, 
trick play data packets including PCRs, PTSs or DTSs are 
marked by the bitstream corrector circuit 109 prior to 
recording by adding an extra sync block header to identify 
trick play sync, e.g., data, blocks or they are marked by 
adding to an extra packet header, which is associated with a 
transport packet, information that indicates that the packet 
includes a PCR, PTS or DTS , prior to recording the trick 
play data packets on the tape. In the later case, the added 
packet header specifically identifies the transport packet 
associated therewith and including a PCR, PTS and/or DTS. 

For fast reverse playback, reversal buffer control can be 
simplified if trick play frames (including all headers) are 
made to fit into trick play data locations on the tape such 
that a frame spans an integer number of head rotations. For 
example, if there were 25 trick play blocks read per head 
rotation, e.g. r a 180° rotation of the heads 214, a frame 
and associated headers would be composed of a multiple of 25 
sync blocks . 

The bitatream corrector circuit 22 0 can compute the encoded 
trick play speed or rate, Sy examining the PCR values in the 
trick play data stream read from the tape and by measuring 
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the number of bytes in the trick play data stream over a 
period between two PCR signals PCRj and PCR^. The output 
data rate can then be computed as : 

D Rtj*ic = measured number of bytes x 27MHz/ (PCRi-PCR^) 

The ratio between the current playback speed and the encoded 
playback speed is the ratio between the computed or intended 
output data rate which can be calculated as set forth above, 
and the known actual or measured output data rate for the 
trick playback speed being implemented. That is: 

The value l/N is the scaling factor used for adjusting the 
PCRs, PTSs and DTSs in various embodiments of the present 
invention. 

While it is possible to calculate the data rate at which 
recorded data was intended to be played back at 1, since the 
recording circuit 100 knows the rate for which it is 
encoding trick play data, it can, and in one embodiment 
does, store this information an the tape as auxiliary data 
on the tape when recording trick play data. This recorded 
data rate information is then read back and used by the 
bitstream corrector circuit 220 during trick playback 
operation . 
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4. Brief Description of Drawings 

Figure x illustrates a video recording device implemented in 
accordance with one exemplary embodiment of the present 
invention. 

Figure 2 illustrates a video playback circuit implemented 
in accordance with another exemplary embodiment of the 
present invention. 
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L Abstract 

Methods and apparatus for* insuring that a trick play data 
stream, e.g., a stream of data used for fast forward or 
reverse playback operation, complies with preselected data 
standards and. in particular the MPEG-2 standard are 
disclosed. Various methods are described for generating 
PCR, PTS and DTS values for a crick: play data stream, which 
is generategL from a normal play data steam, and is intended 
for recording in trick play segments of a tape. The 
described methods include generating new PCR, PTS and DTS 
values as a function of the trick play speed at which the 
data is intended to be read back. Methods and apparatus for, 
correcting PCR, PTS and DTS values read from a tape during 
trick playback operation are also disclosed. The disclosed 
methods are directed to generating new PCRs , PTSs and DTSs 
to provide am MPEG- 2 compliant bitstream. The described, 
methods and apparatus are applicable to a plurality of 
storage and playback devices capable of implementing trick 
play including compact disks . 

2. Representative Drawing 
Fig. 1 



